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TRANSGENIC PLANTS EXPRESSING 
ASSEMBLED SECRETORY ANTIBODIES 

Description 



CROSS REFERFNrF.TO RELATFn A PPMrATION 
This is a continuation-in-part of copending U.S. application Serial No. 07/971,95 1, 
fUed November 5, 1992. which is a continuation of USSN 07/591,823, filed October 2, 
1990 (now US. Patent No. 5,202,422), vdiich is a continuaUon-in-part of USSN 
07/427,765, filed October 27. 1989 (abandoned), the disclosures of which are incorporated 
by reference herein. 

TErHKTrAI.FfPin 
The present invention relates to expression and assembly of foreign multimeric 
proteins - e.g., antibodies ~ in plants, as well as to transgenic plants that ejq)ress such 
proteins. 

BACKGROtJNn 

It is known that polypeptides can be expressed in a wide variety of cellular hosts. A 
wide variety of structural genes have been isolated from mammals and viruses, joined to 
transcriptional and translational initiation and tcraiination regulatory signals from a source 
other than the stnictural gene, and introduced into hosts into which these regulatory signals 
are fiinctioiial. 

Fm economic reasons, it would be desirable to utilize genetically engineered 
uniceUubr microorganisms to produce a wide variety of polypepUdcs. However, because of 
the inherent differences in the nature of unicellular organisms on one hand and mammaUan 
cells on the other, the folding and processing of polypepUdcs in um'ceUular microorganisms 
appears to be quite different from the folding and processing that is effected in mammalian 
cells. As a result, mammalian polypqitides derived from unicellular microorganisms are not 
always properly folded or processed to provide the desired degree of biological or 
physiological activity in the obtained polypq>tide. 

To that end attempts have been made, with vaiying degrees of success, to express 
mammalian polypeptides in plants. One particularly important polypeptide is secretory 
immunoglobulin A. 

Secretory immunoglobulin A (SIgA) is the most abundant form of immuno- 
globulin (Ig) in mucosal secreUons. where it forms part of the fust line of defense 
against infectious agents. The molecule exists mainly in the 1 IS dimeric fonn. 
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in which two monomeric IgA antibody units are associated with the small polypeptide 
joining (J) chain and with a fourth polypeptide, secretory component (SC). The ability 
to produce monoclonal SIgA would be of substantial value, but the synthesis is 



epithelial cells expressing the polymeric Ig receptor (pIgR). Normally, pIgR on the 
epithelial basolateral surface binds dIgA, initiating a process of endocytosis, 
transcytosls, phosphorylation, proteolysis, and ultimate release of the SIgA complex at 
the apical surface into the secretion (Mostov, Ann. Rev> Immunol. 12 : 63 (1994)). Thus, 
it is important to focus on the ability of transgenic plants to assemble secretory 
antibodies. 

Secretory IgA is resistant to denaturation caused by harsh environments. This 
denaturation resistance requires that the complex secretory IgA molecule containing IgA 
molecules, J chain and secretory component be accurately and efficiently assembled. 
Until the present invention, assembly and expression of useful amounts of secretory IgA 
was impractical, due to low yields and due to the inability of the available mammalian 
systems to express and assemble SigA in a single cell. As disclosed herein, the 
foregoing problems have now been solved by the present invention. 

The expression of a multimeric protein in plant cells requires that the genes 
coding for the polypeptide chains be present in the same plant cell. Until the advent of 
the procedures disclosed herein, the probability of actually introducing both genes into 
the same cell was extremely remote. Assembly of multimeric protein and expression of 
significant amounts of same has now been made feasible by use of the methods and 
constructs described herein. 

Transgenic plants are emerging as an important system for the expression of 
many recombinant proteins, especially those intended for therapeutic purposes. One of 
their major attractions is the potential for protein production on an agricultural scale at 
an extremely competitive cost, but there are also many other advantages. Most plant 
transformation techniques result in the stable integration of the foreign DNA into the 
plant genome, so genetic recombination by crossing of transgenic plants is a simple 
method for introducing new genes and accumulating multiple genes into plants. 
Furthermore, the processing and assembly of recombinant proteins in plants may also 
complement that in mammalian cells, which may be an advantage over the more 
commonly used microbial expression systems. 



complicated because it requires plasma cells secreting dimeric IgA (dIgA) as well as 
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One of the most useful aspects of using a recombinant expression system for 
antibody production is the ease with which the antibody can be tailored by molecular 
engineering. This allows the production of antibody fragments and single-chain 
molecules, as well as the manipulation of full-length antibodies. For example, a side 
range of fiinctional recombinant-antibody fragments, such as Fab, Fv, single-chain and 
single-domain antibodies, may be generated. In addition, the ability of plant cells to 
produce full-length antibodies can be exploited for the production of antibody molecules 
with altered Fc-mediatcd properties. This is facilitated by the domain structure. of 
immunoglobulin chains, which allows individual domains to be "cut and spliced" at the 
gene level. For example, the C-termina! domains of an IgG antibody heavy chain have 
been modified by replacing the Cy2 and Cy3 domains with Col and Ca3 domains of an 
IgA antibody, while maintaining the correct assembly of the functional antibody in 
plants. These alterations have no effect on antigen binding or specificity, but may 
modify the protective fimctions of the antibody that are mediated through the Fc region. 

. It is also becoming more clear that specially engineered plants may provide an 
excellent source of various proteins, including therapeutic immunoglobulins, in large 
quantities and at a relatively low cost. Production of antibodies in plants may be of 
particular benefit in the area of topical and preventive immunotherapy. 

For example, topically applied antibodies can prevent colonization by 
pathogenic bacteria, as well as modify the resident bacterial flora in a highly specific 
manner. In the case of dental caries, topically-applied monoclonal antibodies raised 
against the cell-surface adhesin of Streptococcus mutans prevents the bacteria from 
becoming established in non-human primates, and also reduces the level of disease 
(Lehner, et al., Jnfgrt, Imniun, SO: 796-799 (1985)). In humans, the mAb was shown to 
confer long-term protection against-?, muians in adults (Ma, ct al.. Infect Tmmnn , ^n - 
3407-14(1990)). 

Thus, methods of providing useful immunoglobulins ~ particularly antibodies « 
in large quantities and at low cost confer a distinct advantage over other methodologies 
in current use. In addition, the relative ease with which one may engineer 
immunoglobulins and other large protein molecules using a recombinant expression 
system in plants, and the stability of those systems in succeeding generations, make 
transgenic plants an extremely attractive source of immunotherapeutic molecules. 
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SUMMARY OF THE rNVENTTON 
Therefore, methods of producing active biomolecules with relative ease and in 
large quantities are nov/ disclosed. In addition, the molecules and compositions 
produced thereby are disclosed as.well. 
5 Thus, in one embodiment, the present invention contemplates a method of 

generating and assembling secretory antibodies within a single cell, said method 
comprising: (a) introducing into the genome of a first member of a plant species a first 
mammalian nucleotide sequence encoding an immunoglobulin heavy chain portion- 
containing polypeptide including a leader sequence forming a secretion signal, to 

10 produce a first transformant; (b) introducing into the genome of a second member of said 

plant species a second mammalian nucleotide sequence encoding a polypeptide linker or 
joining chain, to produce a second transformant; (c) introducing into the genome of a 
third member of said plant species a third mammalian nucleotide sequence encoding a 
secretory component, to produce a third transformant; (d) sexually crossing said 

15 transformants to generate a progeny population containing all three mammaiian 

sequences; and (e) isolating from said progeny population a transgenic plant species 
producing a secretory antibody. In one variation of the foregoing method, the nucleotide 
sequences are introduced via separate vectors. In alternative variations, the 
immunoglobulin heavy chain portion-containing polypeptide may be an alpha heavy 

20 chain portion-containing polypeptide, a single-chain antibody or fragment thereof, or a 

heavy chain portion-containing polypeptide comprising one or more variable regions. 

Thus, in one embodiment, the present invention contemplates a method of 
generating and assembling secretory antibodies within a single cell, said method 
comprising: (a) introducing into the genome of a first member of a plant species a first 

25 mammalian nucleotide sequence encoding an immunoglobulin heavy chain portion- 

containing polypeptide including a leader sequence forming a secretion signal, to 
produce a first transformant; (b) introducing into the genome of a second member of said 
plant species a second mammalian nucleotide sequence encoding an immunoglobulin 
light chain portion-containing polypeptide including a leader sequence forming a 

30 secretion signal, to produce a second transformant; (c) introducing into the genome of a 

third member of said plant species a third mammalian nucleotide sequence encoding a 
polypeptide linker or joining chain, to produce a third transformant; (d) introducing into 
the genome of a fourth member of said plant species a fourth mammalian nucleotide 

-4- 
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sequence encoding a secretory component, to produce a fourth transform ant; (c) sexually 
crossing said transformants to generate a progeny population containing all four 
mammalian sequences; and (0 isolating from said progeny population a transgenic plant 
species producing a secretory antibody. In one variation of the foregoing method, the 
5 nucleotide sequences are introduced via separate vectors. In alternative variations, the 

immunoglobulin heavy chain portion-containing polypeptide may be an alpha heavy 
chain portion-containing polypeptide, a single-chain antibody or fragment thereof, or a 
heavy chain portion-containing polypeptide comprising one or more variable regions. 
The invention further contemplates a method as described above, wherein 

10 isolated from said progeny population is a plant species that produces the corresponding 

Fab fragment. In another variation, a plant species that produces the corresponding Fy 
fi-agment is isolated from the progeny population. 

The invention also discloses a variety of transgenic plants. In one embodiment, 
a transgenic plant comprising (a) plant cells that containing nucleotide sequences 

1 5 encoding immunoglobulin heavy- and light-chain polypeptides, a nucleotide sequence 

encoding a polypeptide linker or joining chain, and a nucleotide sequence encoding a 
secretory component; and (b) immunologically active secretory antibodies encoded by 
said nucleotide sequences is disclosed. In one variation, all four nucleotide sequences 
are contained within a single cell. In still another variation, each of the nucleotide 

20 sequences is included on a separate vector. In other alternative variations, the 

immunoglobulin heavy chain portion-containing polypeptide may be an alpha heavy 
chain portion-containing polypeptide, a single-chain antibody or fragment thereof, or a 
heavy chain portion-containing polypeptide comprising one or more variable regions. 

In another embodiment, a transgenic plant of the present invention comprises (a) 

25 plant cells that conUining nucleotide sequences encoding immunoglobulin heavy-chain 

polypeptides, a nucleotide sequence encoding a f)olypeptide linker or joining chain, and 
a nucleotide sequence encoding a secretory component; and (b) immunologically active 
secretory antibodies encoded by said nucleotide sequences is disclosed. In one variation, 
all three nucleotide sequences are conUined within a single cell. In still another 

30 variation, each of the nucleotide sequences is included on a separate vector. In other 

alternative variations, the immunoglobulin heavy chain portion-containing polypeptide 
may be an alpha heavy chain portion-containing polypeptide, a single-chain antibody or 
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fragment thereof, or a heavy chain portion-containing polypeptide comprising one or 
more variable regions. 

In various alternative embodiments, the immunoglobulin molecules comprise 
Fab fragments or Fy fragments. In still other variations, the plant may be a dicot or a 
5 monocot. In one exemplary embodiment, the plant is a tobacco plant. 

The invention also discloses methods of passively immunizing a human or 
animal subject against a preselected ligand, comprising administering to said subject a 
prophylactic amount of a biologically active immunoglobulin molecule capable of 
binding a preselected ligand, wherein said molecule is free from detectable sialic acid 
10 residues. In one variation, the immunoglobulin molecule is encapsulated in a plant cell. 

In another variation, the immunoglobulin molecule is administered as part of a 
composition, which composition further comprises a material having nutritional value. 
In alternative embodiments, the material having nutritional value is derived from a plant 
or an animal. In still another variation, the immunoglobulin molecule is administered as 
15 part of a composition, which composition further comprises a physiologically inert 

material. 

In all the aforementioned embodiments, the immunoglobulin may be an antibody 
or an immunologically active derivative or fragment thereof. In one variation, the 
immunoglobulin is secretory IgA or an immunologically active derivative or fragment 
20 thereof 

In all the above-noted embodiments, the preselected ligand is an antigenic 
molecule. In one variation, the ligand is a pathogen antigen. 

Various combinations of the foregoing embodiments are contemplated by the 
present invention, as are embodiments including other aspects recited in the complete 
25 specification, of which this is but a part. 

BRIKF DK^^CRTPTinN OF THE DRAWINGS 
Figures 1 A and IB are schematics showing the major features of the kappa chain 
cDNA (Fig. 1 A) and the gamma chain cDNA, (Fig. IB), from the 6D4 hybridoma. The 
location of important restriction endonuclease sites is also shown. The location of the 
30 complementarity determining regions, the framework regions and the constant regions 

are indicated. 

In Figure 2, a schematic of the pMON530 binary 35 S-NOS cassette vector 
described in Rogers el al., Meth. In EnzvmoL 1^-^ - 253 (1987) is shown. The CaMV 35 
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S promoter segment; 3'; and the NOS 3' nontranslated sequences are indicated. Also 
present are a 1.6-kb segment carrying the pBR322 origin of replication, a 2.4-kb segment 
of the nopaline-type pTiT37 plasmid that carries the right border of the nopaline T-DNA 
and intact nopaline synthase (NOS) gene, a 2.2-kb segment of Tn7 carrying the 
spectinomycin/streptomycin resistance determinant, a I.6-kb segment encoding a 
chimeric NOS-NPTII'-NOS gene that provides selectable kanamycin resistance in 
transformed plant cells, and a synthetic multilinker containing unique restriction sites for 
insertion of other DN A segments. 

Figures 3A-3C illustrate the structures of the major types of asparagine- linked 
oligosaccharides (N-Iinked oligosaccharides). The boxed area encloses the 
pentasaccharide core (glycosylated core portions) common to all N-linked 
oligosaccharides. The complex (Fig. 3A) and hybrid (Fig. 3B) N-Hnked 
oligosaccharides have N-acetylglucosamine containing outer branches, and the high 
mannose (Fig. 3C) N-linked oligosaccharides do not. 

. Figures 4A-4C illustrate the demonstration of functional antibody expression in 
transgenic Nicotiana tahacum as measured by absorbance at 405nm (A405). In all three 
figures, Guy's 13 hybridoma cell culture supernatant (IgG) was used as a positive 
control. The initial concentration of each antibody solution was 5^g/m]. Dilution 
numbers represent serial double dilutions. Illustrated results are expressed as the mean ± 
SD of three separate triplicate experiments. In all three figures, the solid squares (■) 
represent SigA-G; solid circles (•) represent dIgA-G; solid triangles (A) represent IgA- 
G; open squares (□) represent SC; open circles (o) represent J chain; open triangles (A) 
represent WT; and inverted, closed triangles (T) represent Guy's 13. Dilution is plotted 
on the horizontal axis, while absorbance is plotted on the vertical axis. 

In Fig. 4A, plant extract binding to purified SA I/IL detected with HRP-labeled 
antiserum to the k light chain is shown. In Fig. 4B, plant extract binding to purified SA 
I/II, detected with sheep antiserum to SC followed by alkaline phosphatase- labeled 
6ovk^y antiserum to sheep Ig is shown. In Fig. 4C, plant extract binding to streptococcal 
cells, detected with sheep antiserum to SC followed by alkaline phosphatase- labeled 
donkey antiserum to sheep Ig is shown. 

Figure 5 illustrates the substrate (1) and inhibitor (2) used to demonstrate the 
6D4 antibody produced in tobacco plants functions to catalyze the substrate (1). 
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A. Definitions 

Dicotyledon fdicotV A flowering plant whose embryos have two seed halves or 
cotyledons. Examples of dicots are: tobacco; tomato; the legumes including alfalfa; 
oaks;. maples; roses; mints; squashes; daisies; walnuts; cacti; violets; and buttercups. 

Monocotyledon fmonocot) : A flowering plant whose embryos have one 
cotyledon or seed leaf. Examples of monocots are; lilies; grasses; com; grains, 
including oats, wheat and barley; orchids; irises; onions and palms. 

Lower plant: Any non-flowering plant including ferns, gymnosperms. conifers, 
horsetails, club mosses, liver warts, homworts, mosses, red algae, brown algae, 
gametophytes, sporophytes of pteridophytes, and green algae. 

Eukarvotic hvbrid vector: A DNA by means of which a DNA coding for a 
polypeptide (insert) can be introduced into a eukaryotic cell. 

Extrachromosomai ribosomal DNA frPNA^: A DNA found in unicellular 
eukaryotes outside the chromosomes, carrying one or more genes coding for ribosomal 
RNA and replicating autonomously (independent of the replication of the chromosomes). 

Palindromic DNA : A DNA sequence with one or more centers of symmetry. 

DNA : Desoxyribonucleic acid. 

T-DNA : A segment of transferred DNA. 

rDNA : PJbosomal DNA. 

RNA : Ribonucleic acid. 

rRNA : Ribosomal RNA. 

Ti-plasmid : Tumor-inducing plasmid. 

Ti-DNA : A segment of DNA from Ti-plasmid. 

Insert : A DNA sequence foreign to the rDNA, consisting of a structural gene 
and optionally additional DNA sequences. 

Structural gene : A gene coding for a polypeptide and being equipped with a 
suitable promoter, termination sequence and optionally other regulatory DNA sequences, 
and having a correct reading frame. 

Si gnal Sequence : A DNA sequence coding for an amino acid sequence attached 
to the polypeptide which binds the polypeptide to the endoplasmic reticulum and is 
essential for protein secretion. This sequence may also be referred to herein as a 
secretion signal or secretion signal sequence. The term "signal sequence" may also be 
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used to refer to the sequence of amino acids that determines whether a protein will be 
formed on the rough endoplasmic reticulum or on free ribosomes. And while a "leader 
sequence"* generally means a sequence near the 5* end of a nucleic acid strand or the 
amino terminus of a protein that functions in targeting or regulation, the term is 
sometimes used herein to include a "'secretion signal" or a "signal sequence**. 

rSetective> Genetic marker : A DNA sequence coding for a phenotypic trait by 
means of which transformed cells can be selected from untransformed cells. 

Promoter: A recognition site on a DNA sequence or group of DNA sequences 
that provide an expression control element for a gene and to which RNA polymerase 
specifically binds and initiates RNA synthesis (transcription) of that gene. 

Inducible promoter A promoter where the rate of RNA polymerase binding and 
initiation is modulated by external stimuli. Such stimuli include light, heat, anaerobic 
stress, alteration in nutrient conditions, presence or absence of a metabolite, presence of 
a ligand, microbial attack, wounding and the like. 

. Viral promoter : A promoter with a DNA sequence substantially similar to the 
promoter found at the 5' end of a viral gene. A typical viral promoter is found at the 5* 
end of the gene coding for the p21 protein of MMTV described by Huang et ah. Cell 27 : 
245 (1981). (All references cited in this application are incorporated by reference.) 

Syntheti c promoter : A promoter that was chemically synthesized rather than 
biologically derived. Usually synthetic promoters incorporate sequence changes that 
optimize the efficiency of RNA polymerase initiation. 

Constitutive promoter : A promoter where the rate of RNA polymerase binding 
and initiation is approximately constant and relatively independent of external stimuli. 
Examples of constitutive promoters include the cauliflower mosaic virus 35S and 19S 
promoters described by Poszkowski etal., EKfBQ J. 3 : 2719 (1989) and Odell et ah. 
Nature 311: 810(1985). 

Tempora lly regulated promoter : A promoter where the rate of RNA polymerase 
binding and initiation is modulated at a specific time during development. Examples of 
temporally regulated promoters are given in Chua et al.. Science 244 : 174-1 81 (1989). 

Spatially regulated promoter : A promoter where the rate of RNA polymerase 
binding and initiation is modulated in a specific structure of the organism such as the 
leaf, stem or root. Examples of spatially regulated promoters are given in Chua et aL, 
Science 244 : 174-181 (1989). 
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Spatiotgmpprany rgcviat?d promPtgr A promoter where the rate of RNA 
polymerase binding and initiation is modulated in a specific structure of the organism at 
a specific time during development. A typical spatiotemporally regulated promoter is 
the EPSP synthase-35S promoter described by Chua et al.. Id. (1989). 

Single-chain antigen-bindini? protein: A polypeptide composed of an 
immunoglobulin light-chain variable region amino acid sequence (VJ tethered to an 
immunoglobulin heavy-chain variable region amino acid sequence (V„) by a peptide that 
links the carboxyl terminus of the Vl sequence to the amino terminus of the V„ 
sequence. 

gingle-chain antiRen-bindinc protein-codm^ f r^n^ A recombinant gene coding 
for a single-chain antigen-binding protein. 

MuU'merig pro^?in: A globular protein containing more than one separate 
polypeptide or protein chain associated with each other to form a single globular protein. 
Both heterodimeric and homodimeric proteins are multimeric proteins. 

Pg^ypgpT' qn^ pgptidg: a linear series ofamino acid residues connected one 
to the other by peptide bonds between the alpha-amino and carboxy groups of adjacent 
residues. 

Protein: A linear series of greater than about 50 amino acid residues connected 
one to the other as in a polypeptide. 

Chelating aggnt: A chemical compound, peptide or protein capable of binding a 
metal. Examples of chelating agents include ethylene diamine tetra acetic acid (EDTA), 
cthyleneglycoI-bis-(beta-aminoethyl ether) N, N, N', N'-ietraacetic acid (EGTA), 2.3- 
dimercaptopropanel-l -sulfonic acid (DMPS), and 2,3-dimercaptosuccinic acid (DMSA). 
and the like. 

Metal chelation complex! A complex containing a metal bound to a chelating 

agent. 

ImmunQglgbylin Proc^yjct: A polypeptide, protein or multimeric protein 
containing at least the immunologically active ponion of an immunoglobulin heavy 
chain and is thus capable of specifically combining with an antigen. Exemplary 
immunoglobulin products are an immunoglobulin heavy chain, immunoglobulin 
molecules, substantially intact immunoglobulin molecules, any portion of an 
immunoglobulin that contains the paratope, including those portions known in the art as 
Fab fragments. Fab' frai;ment» F(ab*)2 fragment and Fv fragment. 
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Immunoglohulin molecule : A multimeric protein conUining the 
immunologically active portions of an immunoglobulin heavy chain and 
immunoglobulin light chain covalenily coupled together and capable of specifically 

combining with antigen. 

5 Fah fragment : A multimeric protein consisting of the portion of an 

immunoglobulin molecule containing the immunologically active portions of an 
immunoglobulin heavy chain and an immunoglobulin light chain covalently coupled 
together and capable of specifically combining with antigen. Fab fragments are typically 
prepared by proteolytic digestion of substantially intact immunoglobulin molecules with 

1 0 papain using methods that are well known in the art. However, a Fab fragment may also 

be prepared by expressing in a suitable host cell the desired portions of immunoglobulin 
heax'y chain and immunoglobulin light chain using methods well known in the art. 

p » frapment : A multimeric protein consisting of the immunologically active 
portions of an immunoglobulin heavy chain variable region and an immunoglobulin light 

15 chain variable region covalently coupled together and capable of specifically combining 

with antigen. F, fragments are typically prepared by expressing in suitable host cell the 
desired portions of immunoglobulin heavy chain variable region and immunoglobulin 
light chain variable region using methods well known m the art. 

/S^<eyiial pronacration : Producing progeny by regenerating an entire plant from 

20 leaf cuttings, stem cuttings, root cuttings, single plant cells (protoplasts) and callus. 

nivcosvlated core portion : The pentasaccharide core common to all asparagine- 
linked oligosaccharides. The penUsaccharide care has the structure Manal-3(manal-6) 
ManBl-46LcNAcQl-4 6LcNac.(ASN amino acid). The pentasaccharide core typically 
has 2 outer branches linked to the pentasaccharide core. 

25 hy-acetvlghicnsamine c ontaining outer branches: Tlie additional 

oligosaccharides that are linked to the pentasaccharide core (glycosylated core portion) 
of asparagine-l inked oligosaccharides. The outer branches found on both mammalian 
and plant glycopolypeptides contain N-acetylglucosamine in direct contrast with yeast 
outer branches that only contain mannose. Mammalian outer branches have sialic acid 

30 residues linked directly to the terminal portion of the outer branch. 

nivcopoivpeptide multtmer : A globular protein containing a glycosylated 
polypeptide or protein chain and at least one other polypeptide or protein chain bonded 
to each other to form a single globular protein. Both hetcrodimeric and homodimeric 
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glycoproteins are muitimeric proteins. Glycosylated polypeptides and proteins are n- 
giycans in which the C(l) of N-acetyiglucosamine is linked to the amide group of 
asparagine. 

Immunoglobulin superfamtlv molecule : A molecule that has a domain size and 
5 amino acid residue sequence that is significantly similar to immunoglobulin or 

immunoglobulin related domains. The significance of similarity is determined 
statistically using a computer program such as the Align program described by Dayhoff 
et aL, Meth Enzvmol. 91 : 524-545 (1983). A typical Align score of less than 3 indicates 
that the molecule being tested is a member of the immunoglobulin gene superfamily. 
10 The immunoglobulin gene superfamily contains several major classes of 

molecules including those shown in Table A and described by Williams and Barclay, in 
Immunoglobulin Genes. p361. Academic Press, New York, NY (1989). 

Tabk A 

The Known Members of The Immunoglobulin Gene SuDerfamilv» 

15 Immun<?sl9bulm 

Heavy chains (IgM) 

Light chain kappa 

Light chain lambda 
T ygH receptor fTgr) cqmplex 
20 Tcr a-chain 

Tcr 0 chain 

Tcr gamma chain 

Tcr X-chain 

CD3 gamma chain 
25 CD3 6-chain 

CD3 €-chain 
Maior histo comnatibilitv comniex ^MHO antigens 

Class I H-chain 

B^-microglobulin 
30 Class II a 

Class II B 
fl^-m associated antigens 

TL H chain 
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Qa-2 H chain 
CDla H chain 
T Ivmphocvte antigens 
CD2 
CD4 
CD? 

CDS chain 1 
CDS Chain Ild 
CD28 
CTLA4 

Haemopoi'etic/endothelium antigens 

LFA.3 . 

MRC OX-45 
Br^in/lymphQjd antiggn? 
. Thy-I 

MRC OX-2 
ymmvnOSlobylm receptors 

Poly Ig R 

Fc gamma 2b/gamma ]R 
FceRI(o) 

Neural adhesion molecule (MCAM) 
Myelin associated gp (MAG) 
Pq myelin protein 

Ttimpr antiggn 

Carcinoembryonic antigen (CEA) 
Growth fegtor rgceptors 

Platelet-derived growth factor (PDGF) receptor 
Colony stimulating factor- 1 (CSFl) receptor 
Non>cell surface molecules 
a, B-glycoprotein 
Basement membrane link protein 
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♦ See Williams and Barclay, in fmmunoplnhulin Genes. p361. Academic 

Press, NY (1989); and Sequences of Protein!^ o f Immunological Interest. 4th ed.. U.S. 
Dept. of Health and Human Serving (1987). 

Catalytic site: The portion of a molecule that is capable of binding a reactant 
and improving the rate of a reaction. Catalytic sites may be present on polypeptides or 
proteins, enzymes, organics, organo-metal compounds, metals and the like, A catalytic 
site may be made up of separate portions present on one or more polypeptide chains or 
compounds. These separate catalytic portions associate together to form a larger portion 
of a catalytic site. A catalytic site may be formed by a polypeptide or protein that is 
bonded to a metal. 

Enzymatic s|te: The portion of a protein molecule that contains a catalytic site. 
Most enzymatic sites exhibit a very high selective substrate specificity. An enzymatic 
site may be comprised of two or more enzymatic site portions present on different 
segments of the same polypeptide chain. These enzymatic site portions are associated 
together to form a greater portion of an enzymatic site. A portion of an enzymatic site 
may also be a metal. 

Self-pollination: The transfer of pollen from male flower parts to female flower 
parts on the same plant. This process typically produces seed. 

Cross'pollinationr The transfer of pollen from the male flower parts of one plant 
to the female flower parts of another plant. This process typically produces seed from 
which viable progeny can be grown; 

Epitope : A portion of a molecule that is speciflcally recognized by an 
immunoglobulin product. It is also referred to as the determinant or antigenic 
determinant. 

Abzvme : An immunoglobulin molecule capable of acting as an enzyme or a 

catalyst. 

Enzyme: A protein, polypeptide, peptide RNA molecule, or multimeric protein 
capable of accelerating or producing by catalytic action some change in a substrate for 
which it is often specific. 

B. Methods of Producing Transi^enic Plants Co ntaininr? A Multimeric Protein 

The present invention provides a novel method for producing a plant containing 
a multimeric protein comprised of first and second polypeptides. Generally, the method 
combines the following elements: 
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1 . Inserting into the genome of a first member of a plant species a gene 
coding for a first polypeptide to produce a first transformant. 

2. Inserting into the genome of a second member of a plant species a gene 
coding for a second polypeptide to produce a second transformant. 

5 3. Producing a population of progeny from the first and second 

transform ants. 

4. Isolating from the population, a progeny having the multimeric protein. 

A plant produced by the present invention contains a multimeric protein 
comprised of a first and second polypeptides associated together in such a way as to 
10 assume a biologically functional conformation. In one embodiment of this invention, the 

multimeric protein is a ligand binding polypeptide (receptor) that forms a ligand binding 
site which specifically binds to a preselected ligand to form a complex having a 
sufficiently strong binding between the ligand and the ligand binding site for the 
complex to be isolated. In another embodiment, the multimeric protein is an 
IS immunoglobulin molecule comprised of an immunoglobulin heavy chain and an 

immunoglobulin light chain. The immunoglobulin heavy and light chains are associated 
with each other and assume a conformation having an antigen binding site specific for» 
as evidenced by its ability to be competitively inhibited, a preselected or predetermined 
antigen. When the multimeric protein is an antigen binding protein its affinity or avidity 
20 is generally greater than 10* M*' or usually greater than 10* M*', and preferably greater 

than \0*M'K 

In a further embodiment, the multimeric protein is a Fab fragment consisting of 
a portion of an immunoglobulin heavy chain and a portion of an immunoglobulin light 
chain. The immunoglobulin heavy and light chains arc associated with each other and 

25 assume a conformation having an antigen binding site specific for a preselected or 

predetermined antigen. The antigen binding site on a Fab fragment has a binding 
affinity or avidity similar to the antigen binding site on an immunoglobulin molecule. 

In yet another embodiment, the present transgenic plant contains a multimeric 
protein that is a F^ fragment comprised of at least a portion of an immunoglobulin heavy 

30 chain variable region and at least a portion of an immunoglobulin light chain variable 

region. The immunoglobulin heavy and light chain variable regions autogenously 
associate with each other within the plant cell to assume a biologically active 
conformation having a binding site specific for a preselected or predetermined antigen. 
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The antigen binding site on the Fv fragment has an affinity or avidity for its antigen 
similar to the affinity displayed by the antigen binding site present on an 
immunoglobulin molecule. 

In still another embodiment, the multimeric protein is an enzyme that binds a 
substrate and catalyzes the formation of a product from the substrate. While the 
topology of the substrate binding site (ligand binding site) of the catalytic multimeric 
protein is probably more important for its activity than affinity (association constant or 
pKa) for the substrate, the subject multimeric protein has an association constant for its 
preselected substrate greater than 1 0^ M ', more usually greater than 1 0^ M ' or 10* M ' 
and preferably greater than 1 0' M*'. 

When the multimeric protein produced in accordance with the present invention 
is an abzyme comprised of at least a portion of the immunoglobulin heavy chain variable 
region in association with another polypeptide chain, this other polypeptide chain 
includes at least the biologically active portion of an immunoglobulin light chain 
variable region. Together, these two polypeptides assume a conformation having a 
binding affinity or association constant for a preselected ligand that is different, 
preferably higher, than the affinity or association constant of either of the polypeptides 
alone, i.e., as monomers. Useful multimeric proteins contain one or both polypeptide 
chains derived from the variable region of the light and heavy chains of an 
immunoglobulin. Typically, polypeptides comprising the light (VJ and heavy (V„) 
variable regions are employed together for binding the preselected antigen. 

I" IPSgrting GgngS Coding For A First Polvnepride into a F irst Memh^r nf 

A Plant Snecie^ 

Methods for isolating a gene coding for a desired first polypeptide are 
well known in the art. See, for example. Guide To Molecular Cloning Techniques in 
Methods In gp7.vrT)o|Qgy, Volume 152, Berger and Kimmci, cds. (1987); and Current 
Protocols in Molecular Biology, Ausubel et al., eds., John Wiley and Sons, New York 
( 1 987) whose disclosures are herein incorporated by reference. 

Genes useful in practicing this invention include genes coding for a polypeptide 
contained in immunoglobulin products, immunoglobulin molecules, Fab fragments, Fv 
fragments, enzymes, receptors and abzymes. Particularly preferred are genes coding for 
immunoglobulin heavy and light chain variable regions. Typically, the genes coding for 
the immunoglobulin heavy chain variable region and immunoglobulin light chain 
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variable region of an immunoglobulin capable of binding a preselected antigen are used. 
These genes are isolated from cells obtained from a vertebrate, preferably a mammal, 
which has been immunized with an antigenic ligand (antigen) against which activity is 
sought, i.e., a preselected antigen. The immunization can be carrictl out conventionally 
5 and antibody titer in the animal can be monitored to determine the stage of immunization 

desired, which corresponds to the affinity or avidity desired. Partially immunized 
animals typically receive only one immunization and cells are collected therefrom 
shortly after a response is detected. Fully immunized animals display a peak tiler which 
is achieved with one or more repeated injections of the antigen into the host mammal, 

1 0 normally at two to three week intervals. 

Usually three to five days after the last challenge, the spleen is removed and the 
genes coding for immunoglobulin heavy and immunoglobulin light chain arc isolated 
from the rearranged B cells present in the spleen using standard procedures. See Cpn-ent 
Protocols in Molecular Biology. Ausubel et aL, eds., John Wiley and Sons. New York 

15 (1987) and Antibodies: A Laboratorv ManuaL Harlowe and Lane, eds.. Cold Spring 

Harbor. New York (1988). 

Genes coding for V„ and polypeptides can be derived from cells producing 
IgA, IgD, IgE, IgG or IgM, most preferably from IgM and IgG, producing cells. 
Methods for preparing fragments of genomic DNA from which immunoglobulin variable 

20 region genes can be cloned are well known in the art. See for example, Herrmann et al.. 

Methods in Enz^^nol.. 152: 180-183 (1Q«7)- FrScrhanf, ^/fgthndc; tn Enzvmol.. 152: 183- 
190 (1987); Frischauf, Methods in Fnzvmo!.- 152: 199-212 (1987). (The teachings of 
the references cited herein are hereby incorporated by reference). 

Probes useful for isolating the genes coding for immunoglobulin products 

25 include the sequences coding for the constant portion of the Vh and Vl sequences coding 

for the framework regions of Vh and and probes for the constant region of the entire 
rearranged immunoglobulin gene, these sequences being obtainable from available 
sources. See for example. Early and Hood, Genetic En gineering. Setlow and Hollaender 
eds.. Vol. 3: 157-188, Plenum Publishing Corporation, New York (1981); and Kabat et 

30 aL, Sequences nf Tmmunoloi^ical Interests, National Institutes of Health, Bethesda, MD 

(1987). 

Genes coding for a polypeptide subunit of a multimeric protein can be isolated 
from cither the genomic DNA containing the gene expressing the polypeptide or the 
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messenger RNA (mRNA) which codes for the polypeptide. TTie difficulty in using 
genomic DNA is in juxtaposing the sequences coding for the polypeptide where the 
sequences are separated by introns. The DNA fragment(s) containing the proper exons 
must be isolated, the introns excised, and the exons spliced together in the proper order 
and orientation. For the most part, this will be difficult so the alternative technique 
employing mRNA will be the method of choice because the sequence is contiguous (free 
of introns) for the entire polypeptide. Methods for isolating mRNA coding for peptides 
or proteins are well known in the art. See. for example. Current Prnmrpis in Molecular 
fiisjjfigy. Ausubel et al., John Wiley and Sons, New York (1987), Guide to Molgmlar 
CIPninB Technique^! , in Methods In Fnzvmnlorrv Volume 1 52. Berger and Kimmel, eds. 
(1987), and Mp<e(;y|ar Cloning: A I. ahoratorv Manual Maniatis et al., eds.. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York (1982). 

The polypeptide coding genes isolated above are typically operatively linked to 
an expression vector. Expression vectors compatible with the host cells, preferably those 
compatible with plant cells are used to express the genes of the present invention. 
Typical expression vectors useful for expression of genes in plants are well known in the 
art and include vectors derived from the tumor-inducing (Ti) plasmid of Agrobacterium 
tumefaciens described by Rogers et al.. Meth, in Rnrvmnl 153; 253-277 (1987). 
However, several other expression vector systems are known to function in plants. See 
for example, Verma et al., PCT Publication No. WO87/0055 1 ; and Cocking and Davey, 
S£isa££.236: 1259-1262(1987). 

The expression vectors described above contain expression control elements 
including the promoter. The polypeptide coding genes are operatively linked to the 
expression vector to allow the promoter sequence to direct RNA polymerase binding and 
synthesis of the desired polypeptide coding gene. Useful in expressing the polypeptide 
coding gene are promoters which are inducible, viral, synthetic, constitutive, temporally 
regulated, spatially regulated, and spatiotemporally regulated. The choice of which 
expression vector and ultimately to which promoter a polypeptide coding gene is 
operatively linked depends directly, as is well known in the art, on the functional 
properties desired, e.g. the location and timing of protein expression, and the host cell to 
be transformed, these being limitations inherent in the art of constructing recombinant 
DNA molecules. However, an expression vector useful in practicing the present 
invention is at least capable of directing the replication, and preferably also the 
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expression of the polypeptide coding gene included in the DNA segment to which it is 
opcratively linked. 

In preferred embodiments, the expression vector used to express the polypeptide 
coding gene includes a selection marker that is effective in a plant cell, preferably a drug 
resistance selection marker. A preferred drug resistance marker is the gene whose 
expression results in kanamycin resistance, i.e., the chimeric gene containing the 
nopaline synthase promoter, TnS neomycin phosphotransferase II and nopaline synthase 
3* nontranslated region described by Rogers et al.« in Methods For Plant M olecular 
Biology, a Weissbach and H. Weissbach, eds.. Academic Press Inc., San Diego, CA 
(1988). A useful plant expression vector is commercially available from Pharmacia, 
Piscataway, NJ. 

A variety of methods have been developed to operatively link DNA to vectors 
via complementary cohesive termini. For instance, complementary homopolymer tracks 
can be added to the DNA segment to be inserted and to the vector DNA. The vector and 
DNA segment are then joined by hydrogen bonding between the complementary 
homopolymeric tails to form recombinant DNA molecules. 

Alternatively, synthetic linkers containing one or more restriction endonuclease 
sites can be used to join the DNA segment to the expression vector. The synthetic 
linkers are attached to blunt-ended DNA segments by incubating the blunt-ended DNA 
segments with a large excess of synthetic linker molecules in the presence of an enzyme 
that is able to catalyze the ligation of blunt-ended DNA molecules, such as bacteria 
phage T4 DNA ligase. Thus, the products of the reaction are DNA segments carrying 
synthetic linker sequences at their ends. These DNA segments are then cleaved with the 
appropriate restriction endonuclease and ligated into an expression vector that has been 
cleaved with an enzyme that produces termini compatible with those of the synthetic 
linker. Synthetic linkers containing a variety of restriction endonuclease sites are 
commercially available from a number of sources including New England BioLabs, 
Beverly, MA. 

Methods for introducing polypeptide coding genes into plants include 
Agrobacterium-medisitcd plant transformation, protoplast transformation, gene transfer 
into pollen, injection into reproductive organs and injection into immature embryos. 
Each of these methods has distinct advantages and disadvantages. Thus, one particular 
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method of introducing genes into a particular plant species may not necessarily be the 
most effective for another plant species. 

Agrobacterium tumefaciens-mediatcd transfer is a widely applicable system for 
introducing genes into plant cells because the DNA can be introduced into whole plant 
tissues, bypassing the need for regeneration of an intact plant from a protoplast. The use 
ofAgrobacterium-mediated expression vectors to introduce DNA into plant cells is well 
known in the art. See, for example, the methods described by Fraley et al.. 
Bi0tg9hng|pfn\ 3: 629 (1985) and Rogers et ai.> Methods; in Fn7vmn|r >f TY , 153: 253-277 
(1987), Further, the integration of the Ti-DNA is a relatively precise process resulting in 
few rearrangements. The region of DNA to be transferred is defined by the border 
sequences and intervening DNA is usually inserted into the plant genome as described 
by Spielmann et a!., Mol. Gen Genet 205: 34 (1986) and Jorgcnsen et aL, Mot Gen 
fieneL, 207: 471 (1987). Modem Agrobacterium transformation vectors are capable of 
replication in Escherichia coH as well ^Agrobacterium, allowing for convenient 
manipulations as described by Klec et al.. in Plant DNA In fectious Ayent*;. T. Hohn and 
J. Schell, eds., Springer-Vcrlag, New York (1985) pp. 179-203. Further recent 
technological advances in vectors for^^o6ac/erm.*n-medtated gene transfer have 
improved the arrangement of genes and restriction sites in the vectors to facilitate 
construction of vectors capable of expressing various polypeptide coding genes. The 
vectors described by Rogers et aL, Methods in Enzvmnlnpv, 153: 253 (1987), have 
convenient multi-linker regions flanked by a promoter and a polyadenylation site for 
direct expression of inserted polypeptide coding genes and are suitable for present 
purposes. 

In those plant species where ^groDac/er/w/n-mediated transformation is efficient, 
it is the method of choice because of the facile and defined nature of the gene transfer. 
However, few monocots appear to be natural hosts for Agrobacterium, although 
transgenic plants have been produced in asparagus using Agrobacterium vectors as 
described by Bytebier ct aL. Proc. Natl Acad. Sci T) S; A 84: 5345 (1987). Therefore, 
commercially important cereal grains such as rice, com, and wheat must be transformed 
using alternative methods. Transformation of plant protoplasts can be achieved using 
methods based on calcium phosphate precipitation, polyethylene glycol treatment, 
electropGration, and combinations of these treatments. See, for example, Potrykus et aL, 
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Mnl Gen. Genet. 199: 183(1985); T ni^ et al . Mnl. Gen. Genet.. 199: 178(1985); 
Fromm et al„ Nature . 319: 791 (1986); Uchimiya ct al.. Mol. Gen. Genet.. 204: 204 
(1986); naliis et aL, Genes and DeveloomenL 1: 1183 (1987); and Marcotte etal.. 
Nature. 335: 454 f 1988). 

Application of these systems to difTerent plant species depends upon the ability 
to regenerate that particular plant species from protoplasts. Illustrative methods for the 
regeneration of cereals from protoplasts are described in Fujimura et al.. Plant Tissue 
Culture Letters. 2: 74 (1985); Toriyama et al., Theor Appl. Genet.. 73: 16 (1986); 
Yamada et al.. Plant Cell Rep.. 4: 85 (1986); Abdullah et a!.. Biotechnology. 4: 1087 
(1986). 

Agrobacteritm-mcdisitcd transformation of leaf disks and other tissues appears 
to be limited to plant species that Agrobacterium tumefaciens naturally infects. Thus, 
Agrobacterium-m^dx^izd transformation is most efHcient in dicotyledonous plants. 
However, the transformation of Asparagus using Agrobacterium can also be achieved. 
See, for example, Bytebicr, et al., Proc. Natl. Acad. Sci.. 84: 5345 (1987). 

To transform plant species that cannot be successfully regenerated from 
protoplast, other ways to introduce DNA into intact cells or tissues can be utilized. For 
example, regeneration of cereals from immature embr>'os or explants can be effected as 
described by Dasil, Biotechnolo^. 6: 397 (1988). In addition, "particle gun" or high- 
velocity microprojectile technology can be utilized as well. Using such technology, 
DNA is carried through the cell wall and into the cytoplasm on the surface of small 
(0.525 /zm) metal particles that have been accelerated to speeds of one to several 
hundred meters per second as described in Klein et al.. Nature. 327: 70 (1 987); Klein et 
al., Proc Natt. Acad. Set. U.S.A.. 85: 8502 (1988); and McCabe et al., Riotechnologv. 6: 
923 (1988). The metal particles penetrate through several layers of cells and thus allow 
the transformation of cells within tissue explants. Metal particles have been used to 
successfully transform com cells and to produce fertile, stably transformed tobacco and 
soybean plants. Transformation of tissue explants eliminates the need for passage 
through a protoplast stage and thus speeds the production of transgenic plants. 

DNA can be introduced into plants also by direct DNA transfer into pollen as 
described by Zhou et al.. Methods in Enzvmologv. 101: 433 (1983); D. Hess, Intern Rev. 
Cvtol. . 107: 167 (1987); Luo et al.. Plant Mol. Biol. Reporter. 6: 165 (1988). Expression 
of polypeptide coding genes can be obtained by injection of the DNA into reproductive 
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organs of a plant as described by Pena et al.. Nature. 325: 274 (1987). DNA can also be 
injected directly into the cells of immature embryos and the rehydration of desiccated 
embryos as described by Neuhaus ct al., Theor App! q^^^^ , JS: 30 (1987); and 
Benbrook et al., in Proceedings Bio Exno I9R/S Buttenvorth, Stoncham, MA, pp. 27-54 
(1986), 

The regeneration of plants from either single plant protoplasts or various 
explants is well known in the art. See, for example. Methodic for Plant MnWul:,^ 
PiQ^ggy' A- Weissbach and H. Weissbach, eds.. Academic Press, Inc., San Diego, CA 
(1988). This regeneration and growth process includes the steps of selection of 
transformant cells and shoots, rooting the transformant shoots and growth of the plantlets 
in soil. 

The regeneration of plants containing the foreign gene introduced by 
Agrobacterium tumefaciens from leaf explants can be achieved as described by Horsch 
St al., Ssknfifi, 227; 1229-123 1 (1985). In this procedure, transformants are grown in the 
presence of a selection agent and in a medium that induces the regeneration of shoots in 
the plant species being transfonned as described by Fraley et ah, Proc. Natl Acad. Set. 
^ ' S.At. 80: 4803 (1983). This procedure typically produces shoots within two to four 
weeks and these transformant shoots are then transferred to an appropriate root-inducing 
medium containing the selective agent and an antibiotic to prevent bacterial growth. 
Transformant shoots that rooted in the presence of the selective agent to form plantlets 
are then transplanted to soil to allow the production of roots. These procedures will vary 
depending upon the particular plant species employed, such variations being well known 
in the art. 

2. Inggrttng A Gene Coding For A Second Pnlvpgptj d e Into A .Ser^p ^ 

Mgmher Of A Plant 5^p.rr''^^ 

Useful genes include those genes coding for a second polypeptide that 
can autogenously associate widi the first polypeptide in such a way as to form a 
biologically functional multimeric protein. The methods used to introduce a gene coding 
for this second polypeptide into a second member of a plant species are the same as the 
methods used to introduce a gene into the first member of the same r -t species and 
have been described above. 
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3. 



Producing A Pooulatinn of Prog eny From The First And Second 
Transformants 

A population of progeny can be produced from the first and second 



transformants of a plant species by methods well known in the art including those 
methods known as cross fertilization described by Mendel in 1S65 (an English 
translation of Mendel's original paper together with comments and a bibliography of 
Mendel by others can be found in Experiments In Plant H ybridization, Edinburgh, 
Scotland, Oliver Boyd, eds., 1965). 

4. Tsolatinp Pro penv Containing The Multimeric Protein 



assaying for the presence of the biologically multimeric protein using assay methods 
well known in the art. Such methods include Western blotting, immunoassays, binding 



See, for example, the assays described in Immunology: The Science of Self-Nonself 
Discrimination, Klein, John Wiley and Sons, New York, NY (1982). 

Preferred screening assays are those where the biologically active site on the 
multimeric protein is detected in such a way as to produce a detectible signal. This 
signal may be produced directly or indirectly and such signals include, for example, the 
production of a complex, formation of a catalytic reaction product, the release or uptake 
of energy, and the like. For example, a progeny containing an antibody molecule 
produced by this method may be processed in such a way to allow that antibody to bind 
its antigen in a standard immunoassay such as an ELISA or a radio- immunoassay similar 
to the immunoassays described in Antibodies: A Laboratory' Manual. Harlow and Lane, 
eds.. Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1988). 

A further aspect of the present invention is a method of producing a multimeric 
protein comprised of a first and a second polypeptide. Generally, the method combines 
the elements of cultivating a plant of the present invention, and harvesting the plant that 
was cultivated to produce the desired multimeric protein. 

A plant of the present invention containing the desired multimeric protein 
comprised of a first polypeptide and a second polypeptide is cultivated using methods 
well known to one skilled in the art. Any of the transgenic plants of the present 
invention may be cultivated to isolate the desired multimeric protein they contain. 



Progeny containing the desired multimeric protein can be identified by 



assays, and any assay designed to detect a biologically llinctional multimeric protein. 
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After cultivation, the transgenic plant is harvested to recover the produced 
multimeric protein. This harvesting step may consist of harvesting the entire plant, or 
only the leaves, or roots of the plant. This step may either kill the plant or if only the 
portion of the transgenic plant is harvested may allow the remainder of the plant to 
continue to grow. 

In preferred embodiments this harvesting step further comprises the steps of: 

(i) homogenizing at least a portion of said transgenic plant to produce a 
plant pulp; 

(ii) extracting said multimeric protein from said plant pulp to produce a 
multimeric protein containing solution; and 

(iii) isolating said multimeric protein from said solution. 

At least a portion of the transgenic plant is homogenized to produce a plant pulp 
using methods v^^ell known to one skilled in the art. This homogenization may be done 
manually, by a machine, or by a chemical means as long as the transgenic plant portions 
are broken up into small pieces to produce a plant pulp. This plant pulp consists of a 
mixture of varying sizes of transgenic plant particles. The size of the plant particles and 
the amount of variation in size that can be tolerated will depend on the exact method 
used to extract the multimeric protein from the plant pulp and these parameters are well 
known to one skilled in the art. 

The multimeric protein is extracted firom the plant pulp produced above to form 
a multimeric protein containing solution. Such extraction processes are common and 
well known to one skilled in this art. For example, the extracting step may consist of 
soaking or immersing the plant pulp in a suitable solvent. This suitable solvent is 
capable of dissolving the multimeric protein present in the plant pulp to produce a 
multimeric protein containing solution. Solvents useful for such an extraction process 
are well known to those skilled in the ait and include aqueous solvents, organic solvents 
and combinations of both. 

The multimeric protein is isolated from the solution produced above using 
methods that are well known to those skilled in the art of protein isolation. These 
methods include, but are not limited to, immuno-affinity purification and purification 
procedures based on the specific size, elcctrophoretic mobility, biological activity, 
and/or net charge of the multimeric protein to be isolated. 
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C. Utilization of the Transt^enic Plant 

The present invention also provides a novel method for separating a 
preselected ligand from a fluid sample. The method combines the following elements: 

1 . Commingling the fluid sample with plant cells from a transgenic plant from 
the present invention to form an admixture. 

2. Maintaining this admixture for a time period sufficient for the ligand to enter 
the plant cells and bind the multimeric protein to form a complex within the plant cells. 

3. Removing the complex-containing plant cells from the admixture and thereby 
separating the ligand from the fluid sample. 

The fluid sample is commingled with the plant cells from a transgenic plant of 
the present invention that contain a multimeric protein. This multimeric protein can be a 
receptor, an enzyme» an immunoglobulin product, an immunoglobulin molecule or 
fragment thereof, or an abzyme. One skilled in the art will understand that this 
multimeric protein must be capable of binding the preselected ligand. The fluid sample 
can be a liquid or a gas. In either case the commingling may consist of placing the plant 
cells in either the liquid or the gas. Alternatively, the plant cells may be thoroughly 
mixed with the fluid sample. This commingling must bring the fluid sam.ple in intimate 
contact v/ith the plant cells to form an admixture. 

This admixture is maintained for a time period sufficient to allow the ligand 
present in the fluid sample to enter the cells. This process may be a passive process as 
in diffusion or may occur through the application of energy to the system, such as 
applying high pressure to the fluid sample to force it into the plant cells. The amount of 
time required for the ligand to enter the plant cells is known to one skilled in the art and 
can be predetermined to optimize such time period. After entering the plant cells the 
ligand binds the multimeric protein to form a complex. When the multimeric protein is a 
receptor, the complex formed is a receptor-Iigand complex. When the multimeric 
protein is an immunoglobulin, immunoglobulin molecule, a portion of an 
immunoglobulin molecule, a Fab fragment, or a Fv fragment the complex formed is an 
immuno-rcaction complex. When the multimeric protein is an enzyme and the ligand is 
a substrate the complex formed is an enzyme-substrate complex. When the multimeric 
protein is an abzyme the complex formed is an immuno-reaction complex. 

After the complex is formed in the plant cells, the complex-containing plant 
cells are removed from the admixture thereby separating the ligand from the fluid 
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sample. Methods for removing the plant cells from the admixtures arc well known to 
those skilled in the art and include mechanical removal, filtration, sedimentation and 
other separation means. 

When the plant cells utilized for this method constitute a viable plant, this 
expedient concentrates the ligand within the plant. When the ligand is an important 
nutrient, this results in that plant concentrating that particular nutrient within its cells, 
thereby enhancing the nutritional value of the plant. When the ligand is an 
environmental pollutant, this pollutant is concentrated within the plant cells and thus is 
removed from the environment Of course, for this method to be applicable, the ligand 
must be able to enter the plant cells. The ligands that can enter the plant cells are well 
known to those skilled in the art. 

The present invention also contemplates a method of separating a metal ion from 
a fluid sample conuining the metal ion. This particular method includes the following 
steps: 

. I . Admixing to the fluid sample a chelating agent to form a chelating admixture. 

2. Maintaining the chelating admixture for a time period sufficient for the metal 
ion to bind the chelating agent and form a metal ion chelation complex. 

3. Commbgling the metal ion chelation complex with plant cells of the present 
invention to form a binding admixture. 

4. Maintaining the binding admixture for a time period sufficient for the metal 
ion chelation complex to enter the plant cells and bind the multimeric protein to form a 
reaction complex. 

5. Removing the reaction complex-containing plant cells from the binding 
admixture and thereby separating the metal ion from the fluid sample. 

Chelating agents useful in practicing this method include ethylene diamine 
tetraacetic acid (EDTA) and Bis(bis-carboxy methyl amino propyl) phenyl 
isothiocyanate (CITC). See for example, Mcares, et al.. Analytical Biochemistry. 142: 
68-73 (1984). The fluid sample may be cither a gas or liquid sample and, when admixed 
with a chelating agent, forms a chelating admixture. 

The chelating admixture is maintained for a time period sufficient for the metal 
to bind the chelating agent and form a metal ion chelation complex. The amount of time 
required for the metal ion to bind the chelating agent will depend upon at least the type 
of chelating agent employed and the concentration of the metal. The metal ion chelation 
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complex is formed when at least one metal ion associates with its chelating agent and 
becomes bound to that chelating agent to form a complex. 

TTiis metal ion chelation complex is commingled with plant cells of the present 
invention. These plant cells contain a multimeric protein capable of specifically binding 
the metal ion chelation complex. For example, the plant cells may contain an 
immunoglobulin that is immunospecific for a metal chelation complex similar to those 
immunoglobulin molecules described by Reardon, et al.. Nature. 316: 265-268 (1985) 
and Meares, et al.. Analytical Biochemistry, 142: 68-78 (1984). 

The binding admixture is maintained for a time period sufTtcient for the metal 
ion chelation complex to enter the plant cells and bind the multimeric protein to form a 
reaction complex with the plant cells. The binding admixture must be maintained under 
conditions allow the metal ion chelation complex to bind the multimeric protein. Such 
conditions are well known to those skilled in the art. The amount of time required for 
the metal ion chelation complex to enter the plant cell will vary and will depend at least 
upon the concentration and size of the metal chelation complex. The metal ion chelation 
complex may enter the plant cells passively, for example by diffusion, or may be forced 
under pressure into the plant cells. The reaction complex formed when the metal ion 
chelation complex binds to the multimeric protein present in the plant cells consists of 
the metal ion bound to the chelating agent, the chelating agent and the multimeric 
protein. The reaction complex-containing plant cells are then removed from the binding 
admixture thereby separating the metal ion from the fluid sample. The plant cells may 
be removed using the methods well known to those skilled in the art and include 
mechanically removing, filtration, sedimentation and other separation means. When the 
plant cells utilized for this method constitute a viable plant, this method concentrates the 
metal within the plant. 

Transgenic plants of the present invention can be produced from any sexually 
crossable plant species that can be transformed using any method known to those skilled 
in the art. Useful plant species are dicotyledons including tobacco, tomato, the legumes, 
alfalfa, oaks, and maples,; monocotyledons including grasses, com, grains, oats, wheat, 
and barley; and lower plants including gymnosperms, conifers, horsetails, club mosses, 
liver warts, horn warts, mosses, algae, gametophytes, sporophytes of pteridophytes. 

The transgenic plants of the present invention contain polypeptide coding genes 
operatively linked to a promoter. Useful promoters are known to those skilled in the art 
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and include inducible promoters, viral promoters, synthetic promoters, constitutive 
promoters, temporally regulated promoters, spatially regulated promoters, and 
spatiotemporally regulated promoters. 

In preferred embodiments, the transgenic plants of the present invention contain 
an immunoglobulin product. Useful immunoglobulin products are well known to one 
skilled in the immunoglobulin art and include an immunoglobulin heavy chain, an 
immunoglobulin molecule comprised of a heavy and a light chain. One half of an 
immunoglobulin molecule, a Fab fragment, a Fv fragment, and proteins known as single 
chain antigen binding proteins. The structures of immunoglobulin products are well 
known to those skilled in the art and described in Basic and Cliniral lmm.mni^ f. y by 
Stites. et al., 4th ed., Lange Medical Publications, Los Altos. CA. The structure of single 
chain antigen binding proteins has been described by Bird et al.. Science 242: 423-426 
(1988) and U.S. Patent No. 4,704,692 by Ladner. 

The immunoglobulins, or antibody molecules, are a large family of molecules 
that include several types of molecules, such as IgD, IgG, IgA, IgM and IgE. The 
antibody molecule is typically comprised of two heavy (H) and light (L) chains with 
both a variable (V) and constant (C) region present on each chain. Several different 
regions of an immunoglobulin contain conserved sequences useful for isolating the 
immunoglobulin genes using the polymerase chain reaction. Extensive amino acid and 
nucleic acid sequence data displaying exemplary conserved sequences is compiled for 
immunoglobulin molecules by Kabat et al., in Sequences of Proteins; nf Tmm..n»>op,>,i| 
Interest. National Institute of Health. Bethesda, MO (1987). 

The V region of the H or L chain typically comprises four framework (PR) 
regions (Figure 1) each containing relatively lower degrees of variability that includes 
lengths of conserved sequences. The use of conserved sequences from the FRl and FR4 
(J region) framework regions of the V„ is a preferred exemplaiy embodiment and is 
described herein in the Examples. Framework regions are typically conserved across 
several or all immunoglobulin types and thus conserved sequences conuined therein are 
particularly suited for isolating the variable types. 

One particularly useful immunoglobulin product is an immunoglobulin heavy 
chain. An immunoglobulin heavy chain consists of an immunoglobulin heavy chain 
variable region and an immunoglobulin constant region. The immunoglobulin heavy 
chain variable region is a polypeptide containing ah antigen binding site (and antibody 
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combining site). Therefore, the immunoglobulin heavy chain variable region is capable 
of specifically binding a particular epitope. Preferably, the V„ will be from about 1 10 to 
about 125 amino acid residues in length. The amino acid residue sequence will vary 
widely, depending the particular antigen the V„ is capable of binding. Usually, there 
will be at least two cysteines separated by about 60-75 amino acid residues that are 
joined to one another by a disulfide bond. 

The immunoglobulin constant region (C„) can be of the alpha, gamma 1, gamma 
2, gamma 3, delta, mu, or epsilon human isotypes. If the immunoglobulin heavy chain is 
derived from a mouse the C„ may be of the alpha, gamma I, gamma 2a, gamma 2b, 
gamnia 3, delta, mu, or epsilon isotypes. The C„ will be of an isotype that is normally 
present in the animal species that it was isolated from. The C„ may also consist of 
domains derived from different isotypes to enhance or confer a given biological 
function. Genes containing the DNA sequence from several different constant region 
isotypes may be combined to produce a chimeric gene that encodes a chimeric C„ 
polypeptide. The DNA and protein sequences are easily obtained from available 
sources. See for example. Early Hood, Genetic RnyinPffrinpr Setlow and HoIIaender, 
cds.. Vol. 3, Plenum Publishing Corporation, (1981), pages 157-188; and Kabat, et al.. 
Sequences of Immunological Interest. National Institutes Of Health, Bethesda, MD 
(1987). These two sources also contain a number of sequences for V„, and genes 
and proteins. 

Preferred immunoglobulin products are those that contain an immunoglobulin 
heavy chain described above and an immunoglobulin light chain. Immunoglobulin light 
chains consist of an immunoglobulin light chain variable region (VJ and an 
immunoglobulin light chain constant region. The will be from about 95 to about 1 15 
amino acid residues in length. One skilled in the art will understand that there are two 
isotypes of Q that are present in both human and mouse, the lambda isotype and the 
kappa isotype. 

In other preferred embodiments the immunoglobulins product consists of V„ 
alone, or of a V„ associated with a to form a Fv fragment. 

The contemplated transgenic plants contain a multimeric protein. This 
mi>]timeric protein may be an immunoglobulin product described above, an enzyme, a 
receptor capable of binding a specific ligand, or an abzyme. 
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An enzyme of the present invention is a multimeric protein wherein at least two 
polypeptide chains are present. These two polypeptide chains are encoded by genes 
introduced into the transgenic plant by the method of the present invention. Useful 
enzymes include aspartate transcarbamylase and the like. 

In another preferred embodiment is a receptor capable of binding a specific 
ligand. Typically this receptor is made up of at least two polypeptide chains encoded by 
genes introduced into the transgenic plant by a method of the present invention. 
Examples of such receptors and their respective ligands include hemoglobin, Oj; protein 
kinases, cAMP; and the like. 

Jn another preferred embodiment of the present invention the immunoglobulin 
product present is an abzyme constituted by either an immunoglobulin heavy chain and 
its associated variable region, or by an immunoglobulin heavy chain and an 
immunoglobulin light chain associated together to form an immunoglobulin molecule, a 
Fab, Fv or a substantial portion of an immunoglobulin molecule. Illustrative abzymes 
include those described by Tramontane et ah. Science , 234: 1566-1570 (1986): Pollack 
et aL. Science. 234 : 1570-1573 (1986): Janda et al.. Science. 241: 1188-1191 (1988); 
and Janda et at.. Science. 244: 437-440 (1989). 

Typically a multimeric protein of the present invention contains at least two 
polypeptides; however, more than two peptides can also be present. Each of these 
polypeptides is encoded by a separate polypeptide coding gene. The polypeptides are 
associated with one another to form a multimeric protein by disulfide bridges, by 
hydrogen bonding, or like mechanisms. 

Included as part of the present invention are transgenic plants that are produced 
from or are the progeny of a transgenic plant of the present invention. These transgenic 
plants contain the same multimeric protein as that contained in the parental transgenic 
plant. Such plants may be generated either by asexually propagating the parental plant 
or by self-pollination. The process of asexually propagating and self-pollinating a plant 
are well known. 

In a iurther aspect, the present invention contemplates a transgenic plant that 
contains a complex. Generally, such a complex-containing transgenic plant is obtained 
by adding a chelating agent to a fluid sample to form a chelating admixture, maintaining 
the admixture for a time period sufficient for any metal present in the tluid sample to 
bind the chelating agent and form a metal chelation complex, commingling the metal 
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chelation compJex wilh transgenic plant cells of ihe prcseni invcniion to form a binding 
admixture, and maintaining the binding admixture for a time period sufHcient for the 
metal chelation complex to enter the plant cells and bind the multimcric protein present 
in the plant cells to form a complex within the plant cells. 

Also contemplated by the present invcniion are transgenic plants containing a 
reaction complex consisting of a metal chelation complex and an immunoglobulin 
product. Typically, this transgenic plant will be produced by a method the present 
invention. 

^- BiplQgtCallv Active niv conolvnepfide MnlfimPn: 

The present invention contemplates a biologically active 
glycopolypeptide muitimer comprising at least t>^'o polypeptides, one of the polypeptides 
having (a) an immunoglobulin amino acid residue sequence, and (b) an oligosaccharide 
comprising a core portion and 

N^acetylglucosamine-containing outer branches, such that the muitimer is free from 
sialic acid residues. 

In preferred embodiments, the biologically active glycopolypeptide muitimer 
includes an amino acid residue sequence of an immunoglobulin superfamily molecule, 
such as an amino acid residue sequence of an immunoglobulin, a molecule of the T cell 
receptor complex, a major histocompatibility complex antigen and the like. Particularly 
preferred are biologically active glycopolypeptide multimers that contain an amino acid 
residue sequence of an immunoglobulin heavy chain, an immunoglobulin heavy chain 
variable region or a portion of an immunoglobulin heavy chain variable region, 
Glycopolypeptide multimers having an amino acid residue sequence of an 
immunoglobulin light chain, and immunoglobulin light chain variable region and 
portions of an immunoglobulin light chain variable region are also prefen-ed. 

In a preferred embodiment, the biologically active glycopolypeptide muitimer 
comprises a polypeptide having a glycosylated core portion as well as N- 
acetylglucosamine containing outer branches and an amino acid residue sequence of an 
immunoglobulin molecule that is bonded to at least one other polypeptide including 
another amino acid residue sequence. In preferred embodiments, the other polypeptide 
may include an amino acid residue sequence of an Immunoglobulin superfamily 
molecule, an immunoglobulin molecule, an immunoglobulin heavy chain, an 
immunoglobulin heavy chain variable region, a portion of an immunoglobulin heavy 
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chain variable region, an immunoglobulin light chain, an immunoglobulin light chain 
variable region, or a portion of an immunoglobulin light chain region. 

In other preferred embodiments, the glycopolypcptide multimer further 
comprises immunoglobulin J chain bonded lo the immunoglobulin molecule or a portion 
of the immunoglobulin molecule present in the glycopolypeptidc multimer. J chain is a 
polypeptide that is associated with polymeric IgA and IgM and other immunoglobulins 
such as IgG, IgD, JgE, and the other various subclasses of these immunoglobulin 
isotypes. 

Tlie amino acid composition of both human and mouse J chain has been 
described by Mole ct aL, Biodiemi?;rry, 16: 3507 (1977), Max and Korsmcycr, J. Exp. 
Mcd^ 161 : S32 (1985), Cann et al.. Proc. Natl Ararf <Zri Tr^A, 70- 6656 (1 982), and 
Koshland, Annu. Rev. Fmmunol , 3: 425 (1985). J chain has 137 amino acid residues 
with a high proportion of acidic amino acids, low numbers of glycine, threonine, 
cysteine, and only one methionine. The J chain contains 8 cysteine residues, 6 of which 
are involved in the formation of intrachain disulfide bonds and 2 are connected to the 
penultimate cysteine residues of tlie immunoglobulin heavy chain such as the alpha or 
mu heavy chain as described by Mendez et aL, Biochem. Bionhvs. Res. Commun. . 55: 
1291 (1973), Mesteckev et al.. Proc. Natl. Acad .Sci TISIA , 71: 544 (1974), Mesteckey 
and Schrohenloher. Nature . 249: 650 (1974). 

In preferred embodiments, the glycopolypcptide multimer also comprises a 
secretory component bonded to the Fc region of the immunoglobulin heavy chain amino 
acid residue sequence present in the glycopolypcptide multimer. Secretory component is 
comprised of a single polypeptide chain with 549 to 558 amino acid residues and large 
amounts of carbohydrates attached by N-glycosidic bonds to asparagine residues as 5-7 
oligosaccharide side chains. See, Mostov et al.. Nature. 308: 37 (1984); Eiffert et al., 
Hoppe Sevier's C- Phvsipl, Chem , 365: 1489 (1984); Heremans, N The Antigens . M. 
Sela ed., 2: 365, Academic Press New York (1974); Tomana et ah. Ana. Biochem.. 89: 
1 10 (1978); Purkayasthaa et al., J. Biol. Chem.. 254: 6583 (1979); and Mizoguchi et al., 
J. Bipl. ChefHr. 257: 9612 (1982). Secretory component contains 20 cysteine residues 
that are involved in intrachain disulfide bonding. In preferred embodiments, secretory 
component is disulfide bonded to a cysteine residue present in the Fc region of the 
immunoglobulin heavy chain present in the r. I ycopoly peptide multimer. 
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The present invention contemplates a glycopolypcptide multimcr comprises a 
polypeptide having a glycosylated core portion as well as a N-acctylglucosamine 
containing outer branches and the multimer is free from detectable sialic acid residues. 
The polypeptide has a glycosylated core portion including an N-acetylglucosamine 
oligosaccharide bonded via its C(l) carbon directly to the amide group ofan asparagine 
amino acid residue present in the polypeptide. Tlic glycosylated core portion has the 
structure Manal-3(Manal-6) Manpi l-4ClcNAcpN4 GIcNAc-Asn contained within the 
boxed area in Figures 3 A-3C. Tlie polypeptide also has outer oligosaccharide branches 
(outer branches) tltat contain N-acetylglucosaminc. Both complex and hybrid 
asparagine-iinked oligosaccharides contain N-acetylglucrsamine containing outer 
branches, while high mannose oligosaccharides do not. Bacterial cells do not include 
glycosylated core portions attached to asparagine amino acids. Yeast cells do not have 
asparagine-iinked oligosaccharides of either the complex or hybrid type and therefore 
yeast do not have N-acetylglucosamine containing outer branches. Plant cells are 
capable of producing a polypeptide having a glycosylated core portion linked to an 
asparagine amino acid as well as N-acetylglucosamine containing outer branches. 

Tlie giycopolypeptide multimer comprises a polypeptide that has a glycosylated 
core portion as well N-acet>'lgIucosamine containing outer branches and in detectable 
sialic acid residues and the entire the multimer is free from detectable sialic acid 
residues. Sialic acid, the predominant terminal carbohydrate of mammalian 
glycoproteins, has not been identified as a carbohydrate residue of plant proteins. The 
terminal carbohydrate residues found in plants include xylose, fucose, N- 
acecylglucosamine, mannose or galactose as has been described by Sturm et al., J. BioL 
Chem. . 262; 13392 (1 987). In other respects^ plant glycoproteins and carbohydrates 
attached to those proteins are very similar to mammalian glycoproteins. A 
giycopolypeptide multimer produced in a plant comprises a polypeptide having a 
glycosylated core portion as well as N-acct\'lglucosamine containing outer branches but 
is free from detectable sialic acid residues. 

A gene coding for a polypeptide having within its amino acid residue sequence, 
the N-linked glycosylation signal, asparagine-X-scrine/threonine. where X can be any 
amino acid residue except possibly proline or aspartic acid, when introduced into a plant 
cell would be glycosylated via oligosaccharides linked to the asparagine residue of the 
sequence (N-Iinked). See. Marshall, Ann. Rev. Biochem. . 4 1 : 673 ( 1 972) and Marshall, 
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"■' V ,. , '"""^"'•^'"•"'"'"'"of'l.cpolypcpiido sequences 

». r.„ ,„„ „ ,,„„s>„„io„ si,.„s. T,„s. .„ „„,„i,^ ,„ 

an- .n p.», c,U. However ,„ p,„. „„s „ese si.„„s .„ „o, „s„„ ,■„ »sp,„,,„e.„„,e, 
o ^„ „^,„„ ^^^^^^^ ^ _ 

cells when expressed in , p,a„, „„. . p.,,,^,,,,,, ^ jl^sy,.,,.,,, 

A 8iyeop„lypep,ide nuhimer. a p™,.i„. „ . p„,„.p,Me „f 
.nve„.,.„ ,s f„e f„„ de.ec.,. s.aUe aeid residues „ evidenced ,y i„ „rspeeific 
b^d,„, .0 lecns specinc for sl.,ic „id snC „ ,e,™ .^.n.inin or ^ 

.SSlu„n,„. Me,„ods for d.,.™.i„i„5 «.e Wndins of a glycosylated 
POlypeplide Chain ,o a p.r«cular lectin are we,, kno™ in .he ^. See. e... Faye e, a, 

CM r ""^^ ^'^ lly«o«"».ed po,ypep«de 

cha,„ .,„ds ,o a particular iectin inCudc tnethods usin, iectin columns, and methods 
Where the glycosylated polypeptide i, bound to nitrocellulose and probed ,vith a 
b.c«nylated lectin. T.e exact speciHcity of the lectin „ay be determined by competing 
lecttn btndtng with a panicular oligosacchande such as a sialic acid residue 
Immunoglobulin superfamily molecules, and immunoglobulins may have 
vartous carbohyd,,,, groups attached to them. Typically the carbohydrate is found on 

.mmunoglobuli, heavy chain constant tegion except for a few instances when the 
^peptide accept, s.,u.„c .aparagine.X.seri„«,hreoni„e(N.|i„.ed signal, is found 
-.bm tf.. heavy chain variable region. Other immunoslobulin superfamily molecules 

«n«,nmg the tripeptid. acceptor se<,uence(N-li„kedglycosylationse,ue„ce,withini. 

amino acK, restdu. sequence would also contain carbohydrate groups attached to the 
«P.rag,ne of ,h„ tripepUde acceptor sequence, -nte typical carbohydrate groups 
attached to 7 human heavy chains are described by Jeske and Capra. in E.^^ 
imrn^. W.B. Paul. ed.. Raven Press. New Yorlt, Nv (,„4, The carbohydrate 
a.achmen, sites are highly conserved between various species and the comparable 
Classes of immunoglobulin heavy chains. Table B shows the various oligosacchandes on 
eacl, of the human immunoglobulin heavy chains. 
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structural Characteristics of Human Immunoglobulin Heavy Chains 
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Preferably, the poh^peptide present in the glycopolypeptide multimer includes 
the N-linked glycosylation signal within the immunoglobulin molecule amino acid 
residue sequence. In other preferred embodiments, the N-linked glycosylation is present 
in the region of the polypeptide that is not an immunoglobulin residue sequence. 
5 In preferred embodiments, the biologically active glycopolypeptide multimer 

comprises secretory IgA. Secretory IgA is made up of four immunoglobulin alpha heavy 
chains, four immunoglobulin light chains, J chain and secretory component all bonded 
together to form a secretory IgA molecule containing an IgA dimer. The secretory IgA 
molecule contains heavy and light chain variable regions that bind specifically to an 
10 antigen. The secretory IgA molecule may contain either IgA, or IgA, molecules. For a 

general discussion of secretory IgA, see Mesteckey et al., Advance*; in Imipunplogv. 40: 
153 (1987). 

The final assembled secretory IgA of animals is the product of two distinct cell 
types: plasma cells that produce IgA with attached J chain and epithelial cells that 
15 produce secretory IgA. The transc>tosis and secretion of the complex is the result of the 

membrane only at the luminal surface of the cell. The interaction of the four 
components of the complex (alpha, gamma, J, SC) results in an immunoglobulin 
structure which is exceptionally resistant to the degradative environment associated with 
mucosal surfaces. 
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In other preferred embodiments the biologically active glyeopobpcptidc 
multixncr is a secretory IgM n.oiecule that contains five IgM molecules, three J chain 
molecules and secretory componc.t all disulfide bonded together. 

Both secretor/ immunoglobulins (IgM and IgA) are resistant to proteolysis and 
degradation and Uiereforc are active when present on mucosal surfaces such as the lungs 

or the gastrointestinal tract. See. Tomasi. N. Ba^ic a nd Clin;...! p. 

Lange Medical Publications. Los Altos. CA (1 9«2). 

In preferred embodiments, a biologically active glycopolypeptide „,uliin,er has 
wtthm ,t at least on cataljnic site. This catalytic site may be an enzymatic site that is 
formed by one or more polypeptides. The catalytic site present is t><picaliy defined by an 
ammo ac.d residue sequence .hat is known to form a catalytic site alone or togeti,cr with 
the amino acid residue sequences of other polypeptides. This catalytic site may be the 
active site of an enz>'me. or the binding site of an immunoglobulin. See. e.g.. 
Tramontano et al.. Sskn^ 234: 1566 (1986). Tl,c present invention also cimemplates 
other enzymes containing a catalytic site such as the enzymes described in fiiochemistrv 
Worth Publishers, Inc., New York (1975). 

In other preferred embodiments, the present invention contemplates a 
biologically active gl> copolypeptide multimer comprising a polypeptide having a 
glycosylated core portion as well as N-aeelylglucosamine containing outer branches and 
■ncludes an immunoglobulin molecule amino acid residue sequence, bonded to another 
polypeptide including a different immunoglobulin molecule amino acid residue sequence 
where the multimer is free from detectable sialic acid. 

Catalytic glycopolypeptide multimers are contemplated wherein the catalvtic site 
of the glycopolypeptide multimer is comprised of a first and second portion. The first 
portion of the catalytic site is also defined by an immunoglobulin amino acid residue 
sequence. The second portion of the catalytic site is defined by a different 
immunoglobulin amino acid residue sequence. The first and second portions of the 
catalytic site are associated together to fom, a greater portion of the cataljiic site. In 
more preferred embodiments, the first portion of the catal>tic site is defined by an 
immunoglobulin heavy chain variable region amino acid residue sequence and the 
second portion of the catalytic site is defined by an immunoglobulin light chain variable 
region amino acid residue sequence that is associated with the heavy chain amino acid 
residue sequence to form a larger portion at the catal>tic site. 
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The present invention also contemptatcs a biologically active giycopolypcptidc 
mullimer comprising: 

0) A polypeptide having a glycosylated core portion as well as a N- 
acctylgiucosamine-containing outer branches and an immunoglobulin molecule amino 
acid residue sequence and the polypeptide does not bind to a mouse immunoglobulin 
binding lectin; and 

(ii) another polypeptide containing a different immunoglobulin molecule amino 
acid residue sequence, where this another polypeptide is bonded to the polypeptide. 

Mouse immunoglobulin binding lectins include lectins that specifically bind 
terminal sialic acid residues such as wheat germ agglutinin and Ricinus communi<; 
agglutinin. A mouse immunoglobulin binding lectin is speciHc for terminal sialic acid 
residues and thus does not bind an immunoglobulin produced in a plant cell because 
imr.unoglobulins produced in plants do not contain terminal sialic acid residues. See, 
Osawa ct a!., A"^r Rev. Btpp^^^l, 56: 21-42 (1987) for a general discussion of lectin 
binding properties. 

Passive Immunizatinns Using Im munofylohulins Produced in Plants 

Methods of passively immunizing an animal against a preselected ligand 
by contacting a composition comprising a biologically active glycopolypeptide multimcr 
of the present invention that is capable of binding a preselected ligand with a mucosal 
surface of an animal are contemplated by the present invention. 

Biologically active glycopolypeptide multimers such as immunoglobulin 
molecules capable of binding a preselected antigen can be efficiently and economically 
produced in plant cells. These immunoglobulin molecules do not contain sialic acid yet 
do contain core glycosylated portions and N-acetylglucosamine containing outer 
branches. In preferred embodiments, the immunoglobulin molecule is either IgA, IgM. 
secretory IgM or secretory IgA. 

Secretory immunoglobulins, such as secretory IgM and secretory IgA are 
resistant to proteolysis and denaturation and therefore are desirable for use in harsh 
environments. Contemplated harsh environments include acidic environments, protease 
containing environments, high temperature environments, and other harsh environments. 
For example, the gastrointestinal tract of an animal is a harsh environment where both 
proteases and acid are present. See. Kobayishi et al., Immunochemktm^ i O: 73 (1 973). 
Passive immunization of the animal is produced by contacting the glycopolypeptide 
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mullimcr with a mucosal surface oflhc animal. Animals contain various mucosal 
surfaces including the lungs, the digestive tract, the nasopharyngeal cavity, the 
urogenital system, and the like. Typically, these mucosal surfaces contain cells that 
produce various secretions including saliva, lacrimal fluid, nasal fluid, tracheobronchial 
fluid, intestinal fluid, bile, cervical fluid, and the like. 

In preferred embodiments the glycopolypeptide mullimcr, such as the 
immunoglobulin molecule is immunospecific for a preselected antigen. Typically, this 
antigen is present on a pathogtn that causes a disease tJial is associated with the mucosal 
surface such as necrotizing enterocolitis, diarrheal disease, and cancer caused by 
carcinogen absorption in the intestine. Sec e.g., McNabb and Tomasi, Ann. Rev. 
Mi crobiol.. 35: 477 (1981) and Lawrence et aK. Science . 243: 1462(1989). Typical 
pathogens that cause diseases associated with a mucosal surface include both bacterial 
and viral pathogens such as E. colu S, typhimuriuw, V. cholera^ and S, mutans, Tlic 
glycopolypeptide multimer is capable of binding to these pathogens and preventing them 
from causing mucosal associated or mucosal penetrating diseases. 

In preferred embodiments* the composition contacted with the animal mucosal 
surface comprises a plant material and a biologically active glycopolypeptide multimer 
that is capable of binding a preselected ligand. The plant material present may be pbnt 
cell walls, plant organelles, plant cytoplasm, intact plant cells containing the 
glycopolypeptide multimer, viable plants, and the like. Tliis plant cell material is present 
in a ratio from about 10,000 grams of plant material to about 100 nanograms of 
glycopolypeptide multimer, to about 100 nanograms of plant material for each 10 grams 
of glycopolypeptide multimer present. In more preferred embodiments, the plant 
material is present in a ratio from about 10,000 grams of plant material for each 1 mg of 
glycopolypeptide multimer present, to about a ratio of 100 nanograms of plant material 
present for each gram of glycopolypeptide multimer present. In other preferred 
embodiments, the plant material is present in a ratio frcm about 10,000 grams of plant 
material for each milligram of glycopolypeptide multimer present to about 1 mg of plant 
material present for each 500 mg of glycopolypeptide multimer present. 

In preferred embodiments, the composition comprising the biologically active 
glycopolypeptide multimer is a therapeutic composition, Tlie preparation of therapeutic 
compositions which contain polypeptides or proteins as active ingredients is well 
understood in the art. Therapeutic compositions may be liquid solutions or suspensions, 
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solid forms suitable for solution in, or suspension in a liquid prior to ingestion may also 
be prepared. The iherapeutic may also be emulsified. Tlic active therapeutic ingredient 
is typically mixed with inorganic and/or organic carriers which are phamiaceuticaliy 
acceptable and compatible with the active ingredient. The carriers arc typically 
physiologically acceptable excipients comprising more or less inert substances when 
added to the therapeutic composition to confer suitable consistencies and form to the 
composition. Suitable carriers are for example, water, saline, dextrose, glycerol, and the 
like and combinations thereof. In addition, if desired the composition can contain minor 
amounts of auxiliary substances such as wetting or cmulsilying agents and pH buffering 
agents which enhance the effectiveness of the active ingredient. Tlicrapeulic 
compositions containing carriers that have nutritional value are also contemplated. 

Jn preferred embodiments, a composition containing a biologically active 
glycopolypeptide multimer comprises an immunoglobulin molecule that is 
immunospecific for a pathogen antigen. Pathogens are any organism that causes a 
disease in another organism. Particularly preferred are immunoglobulins that are 
immunospecific for a mucosal pathogen antigen. A mucosal pathogen antigen is present 
on a pathogen that invades an organism through mucosal tissue or causes mucosal 
associated diseases. Mucosal pathogens include lung pathogens, nasal pathogens, 
intestinal pathogens, dental pathogens, and the like. For a general discussion of 
pathogens, including mucosal pathogens, see, Davis et al.. Microbiology. 3rd ed.. Harper 
and Row, Hagerstown, MD (1980). . 

Antibodies immunospecific for a pathogen may be produced using standard 
monoclonal antibody production techniques. See, Antibodies: A Lahorator\' Manual . 
Harlow et al., eds., Cold Spring Harbor. NY (1988). The genes coding for the light chain 
and heavy chain variable regions can then be isolated using the polymerase chain 
reaction and appropriately selected primers. See, Orlandi er al., Proc. Natl. Acnd. Sci.. 
U.S.A. . 86: 3833 (1989) and Huse et al.. Science. 246: 1275 (1989). The variable 
regions are then inserted into plant expression vectors, such as the expression vectors 
described by Hian et al.. Nature . 342: 76-78 (1989). 

In a preferred embodiment, the biologically active glycopolypeptide multimer is 
a immunoglobulin immunospecific for an intestinal pathogen antigen. Particularly 
preferred are immunoglobulins immunospecific for intestinal pathogens such as 
bacteria, viruses, and parasites that cause disease in the gastrointestinal tract, such as £. 
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CO//. Salmonellae. Vibno cholcrae, SalmoncUae npJnmurium, and Slrepiococcus mutans. 
Also contemplated by the present invention arc glycopolypepiidc muliimcrs lliat are 
immunoglobulins immunospecinc for Diphtheria toxin, such as the antibody produced 
by the hybridoma ATCC No. HB 8329; antibodies immunospccific Pscudomonas 
aeruginosa exotoxin A, such as the antibody produced by the Iiybridoma D253-15-6 
(ATCC No. H 8789); immunoglobulins immunospccific for Ricin A or B cliain. such as 
the immunoglobulins produced by hybridomas TFT A) (ATCC No. CRL ] 771) or 
TFTBI (ATCC No. 1759); immunoglobulins immunospecific for Schis/osoma ma?isoni 
glycoprotein, such as the antibody produced by hybridoma 130 C/2B/S (ATCC No. 
8088); immunoglobulins immunospecific for Shigella SHIGA toxin and Shigella-like 
toxin, such as tlic antibodies produced by hybridoma 1 3C4 (ATCC No. ) 794); 
immunoglobulins immunospccific for tetanus toxoid, such as the immunoglobulins 
produced by hybridomas 9F12 (ATCC No. HB8I77) and hybridoma SA13 (ATCC No. 
HB8501); immunoglobulins immunospecific for TrichincUa spiralis, such as hybridoma 
TCjCjCja (ATCC No. HB 8678); immunoglobulins immunospecific for Dengue viruses 
or complexes, such as the immunoglobulins produced by D3-2H2-9-21 (ATCC No. HB 
1 14), hybridoma 1 5F3- 1 (ATCC No. HB 47), hybridoma BHS-l (ATCC No. HB 46), 
hybridoma 5D4-11 (ATCC No, HB 49). hybridoma I HI 0-6 (ATCC No. HB 48); 
immunoglobulins immunospecific for Hepatitis B surface antigen, such as hybridoma 
H25B10 (ATCCNo. CRL 8017), hybridoma H21F8-1 (ATCC No. CRL 8018); 
immunoglobulins immunospecific for Herpes simplex viruses, such as the 
immunoglobulin produced by hybridoma 1D4 (ATCC No. HB 8068), hybridoma 39-S 
(ATCC No. HB 8180), hybridoma 52-S (ATCCNo. HB 8181), hybridoma 3NI (ATCC 
No. HB 8067); immunoglobulins immunospecific for mfiuenza virus, such as the 
immunoglobulins produced by HK-PEG-l (ATCCNo. CL 1S9), hybridoma M2.1 C6. 
4R3 (ATCC No. HB64); immunoglobulins immunospecific for parainfiuenza virus, such 
as the immunoglobulin produced by hybridoma 9-3-4 (ATCCNo. 8935); and 
immunoglobulins immunospecific for parvoviruses, such as the immunoglobulin 
produced by 3C9-D1 1-Hl I (ATCC No. CRL 1745). 

In other preferred embodiments, the glycopolypeptide multimer present in the 
composition is an immunoglobulin molecule that is immunospecific for a dental 
pathogen antigen such as Streptococc us mutans and the like. Particularly preferred are 
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immunoglobulins imniunospccinc for a Strrptoroccns m\nnn^ antigen such as the 
immunoglobulin produced by hybridoma 15B2 (ATCC No. HB 8510). 

The present invention contemplates producing passive immunity in an animal, 
such as a vertebrate. In preferred embodiments, passive immunity is produced in fish, 
5 birds, reptiles, amphibians, or insects. In other preferred embodiments passive is 

produced in a mammal, such as a human, a domestic animal, such as a ruminant, a cow. 
a pig. a horse, a dog, a cat, and the like. In particularly preferred embodiments, passive 
immunity is produced in an adult mammal. 

In preferred embodiments, passive immuniiy is produced in an animal, such as a 

10 mammal that is weaned and therefore no longer nurses to obtain milk from its mother. 

Passive immunity' is produced in such an animal by administering to the animal a 
sufficient amount of a composition containing a glycopolypeptide multimer 
immunospecific for a preselected ligand to produce a prophylactic concentration of the 
glycopolypeptide multimer within the animal. A prophylactic concentration of a 

1 5 glycopolypeptide multimer, such as an immunoglobulin is an amount sufficient to bind 

to a pathogen present and prevent that pathogen from causing detectable disease within 
the animal. The amount of composition containing the glycopolypeptide niuUimer 
required to produce a prophylactic concentrations will var>' as is well known in the art 
with the size of the animal, the amount of pathogen present, the affinit>' of the particular 

20 glycopolypeptide multimer for the pathogen, the efficiency with which the particular 

glycopolypeptide multimer is delivered to its active location within the animal, and the 
like. 

The present invention also contemplates a method for providing passive 
immunity against a pathogen to an animal, by administering to the animal an 

25 encapsulated, biologically active glycopolypeptide multimer capable of binding a 

pathogen antigen in an amount sufficient to establish within the animal a prophylactic 
concentration of the multimer that contains a polypeptide having a glycosylated core 
portion as well as N-acet>'lglucosamine containing outer branches and an amino acid 
residue sequence of an immunoglobulin molecule and where the multimer is free from 

30 detectable sialic acid residues. 

In preferred embodiments, the biologically active glycopolypeptide muhimer is 
encapsulated in a protective coating. The encapsulation material may be a membrane, a 
gel, a polymer or the like. The encapsulation material functions to protect the material it 
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contains and to control the flow of material in and out of the cncapsiilation device. In 
preferred embodiments, the glycopolypeptidc multimcr is encapsulated within a plan, 
ce'l wall, a plant cell, a micelle, an enteric coating, and the like. 

In preferred embodiments, s'ycopolypeptide multimcrs, such as. tissue 
plasminogen activator, recombinant human insulin, recombinant alpha interferon and 
groxvth homione, have been successfully administered and are therapeutically effective 
Uirough buccal, nasal, and rectal mucosa using various approaches. Eppstein et al.. 
Alternative Pelivorv Sysiems for P.ntid.. .nH P....;.. r.^..^. CRC Critical. Rev. in 
Therapeutic Drug Carrier Systems. 5: 99-139 (19SS). 

In preferred embodin.ents. the biologically active glycopolypcptide multimer is 
administered by intranasal formulations in solution. The fom,uIation is administered by 
one of three ways: a single dose through a catheter; multiple doses through metered 
dose pumps (also called nebulizers): and multiple doses through the use of metered dose 
pressurized aerosols. If desired, the absorption of the peptide or protein across the nasal 
mucosa, may be promoted by adding absorption enhancers including nonionic 
polyoxyethylene ethers, bile salts such as sodium glycocholate (SGC) and deoxycholate 
(DOC), and derivative of fusidic acid such as sodium taurodihydrofusidate (STDHF). 

Nasal insulin formulations containing 0.9% weight per volume of sodium 
chloride and 1% DOC. 0.5 UAg of insulin administered as a spray using a metered dose 
spray pump resulted in rapid elevations of serum insulin. Moses et al.. niahdss 32: 
1040 (1983). Dosages of biologically active glycopolypcptide mukimers can range from 
0. 1 5 mg/kg up to 600 mg/kg, preferred dosages range from 0.1 5 mg/ml up to 200 mg/kg. 
and most preferred dosages range fr6m I mg/kg up to 200 mgAcg in a nasal spray 
formulation. In preferred embodiments, the multimer does not cross the mucosal 
membrane and thus absorption enhancers are not required. Several dosage forms are 
available for the rectal deliveo' of biologically active glycopolypcptide multimers. 
These include suppositories (emulsion and suspension types), rectal gelatin capsules 
(solutions and suspensions), and enemas (macro: 1 00 milliliters (ml) or more; and 
micro: 1 to 20 ml). Os.-notic pumps designed to deliver a volume of 2 ml in a 24 to 40 
hour period have also been developed for rectal deliver^.. Absorption enhancers 
described for nasal forinulations are included in the formulations if increased transport 
across rectal mucosa is desired. A preferred formulation for rectal administration of the 
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biologicady active glycopolypcplide mulliincr consists of the preferred ranges listed 



above in any one of the acceptable dosage fomis. 

BioIogicaDy active glycopolypepiidc multiniers can be administered in a 
liposome (micelle) formulation which can be administered by application to mucous 
membranes of body cavities. Juliano et ah. J. PharmacoL Exn. Thcr ., 214: 3S1 (19S0). 
Liposomes are prepared by a variety of techniques well known to tliose skilled in the art 
to yield several different physical structures, ranging from the smallest unilammelar 
vesicles of approximately 20 to 50 nanometers in diameter up to multilamellar vesicles 
of lens of microns in diameter. Gregoriadias, Ed.. Liposome Technnlnrry ^ j; CRC Press 
(1984). The biologically active glycopolypeptide muliimcrs in the preferred dosages 
listed fornasal formulations archydratcd v^'iih a lyophilized powder of multilammelar 
vesicles to form glycopolypeptide containing- liposomes. 

In a more preferred embodiment, biologically active glycopolypeptide multimers 
in the above mentioned preferred dosages arc orally administered in gelatin capsules 
which are coated with a azoaromatic cross-linked polymer. The azopoI>'mer-coated 
glycopolypeptide is protected from digestion in the stomach and the small intestine. 
Wlien the a2opol>'mcr-coated glycopolypeptide reaches the large intestine, the 
indigenous microflora reduce the azo bonds, break the cross-links, and degrade the 
polymer film. This results in the release of the glycopolypeptide muJiimers into tlie 
lumen of the colon for subsequent local action or absorption. 

Preferabl3', the pathogen specific glycopolypeptide multimer is administered in 
an amount sufficient to establish a prophylactic concentration of the multimer at a 
particular location in the animal. The amount of multimer that is administered to 
produce a particular prophylactic concentration will vary, as is well known in the art. 
with the amount of pathogen present, the exact location in the animal desired to be 
immunized, the affmity of the multimer for the pathogen, the resistance of the multimer 
to denaturation or degradation, the mode of pathogen inactivation, the dosage 
formulation and the like. 

Preferably, the multimer is administered in 10 g to 100,000 g of plant material 
containing about 0.1 mg to 2,000 mg of multimer in 1 to 4 separate doses each day. This 
amount of multimer produces a prophylactic concentration of about 0.01 mg/kg of body 
weight to about 2,000 mg/kg of body weight. In preferred embodiments, the 
prophylactic concentration of multimer is from about 0.01 mg/kg of body weicht to 
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about 600 mg/kfi of body weight. In other preferred embodin,e„ts, the prophvlac.ic 
concentration is from about 0.01 mg/kg body weigh, to about 200 mg/kg of body weight. 

TI,e present invention contemplates a method for providing passive immunity to 
an animal against a preselected iigand. which method comprises administering to the 
.mimal biologically active glycopolypeptide multimers capable of binding a preselected 
ligand in an amount sufficient to establish within tlie animal a prophylactic concemration 
of the multimer. The multimer administered comprises a polypeptide having a 
glycosylated core portion as well as N-acetylglucosamine-containing outer branches and 
an amino acid sequence of an immunoglobulin molecule, such that the multimer is free 
from detectable sialic acid residues. 

Particularly preferred, is a method for providing passive immunity .o an animal 
against a pathogen, which method comprises administering to the animal a biologically 
active Blycopol>T,eptide multimer capable of binding a pathogen in amounts suWcient to 
establish within the animal a prophylactic concentration of the multimer. The multimer 
administered comprises a polypeptide having a glycosylated core portion as well as N- 
acet>'lglucosamine-containing outer branches and an amino acid residue sequence of an 
immunoglobulin molecule, such that the multimer is free from detectable sialic acid 
residues. 

In preferred embodiments, the multimer is administered as a composition 
constituted by the multimer and a material having nutritional value. A material having 
nutritional value is a substance or compound from which the animal can derive calories. 
Typical materials having nutritional value include proteins, carbohydrates, lipids, fats, 
glycoproteins, glycogen, and the like. Particularly preferred are materials having 
nutritional value that are plant materials or animal materials. 

In other preferred embodiments, the multimer is administered as a composition 
constituted by the multimer and a physiologically inert material. Physiologically inert 
materials include solutions such as water and carrier compounds. 

In other preferred embodiments, a method of passively immunizing an animal 
against a preselected ligand comprising introducing into the gastrointestinal tract of an 
animal a composition comprising plant cell walls and a biologically active 
glycopolypeptide multimer that is capable of binding a preselected antigen; said 
glycopolypeptide multimcr comprising at least ^vo polypeptides, one of said 
polypeptides having (a) an immunoglobulin amino acid residue sequence, and (b) an 
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oligosaccharide comprising a core portion and a N-acciylglucosaminc-containing outer 
branches, said muliimcr being free from siaiic acid residues. 

Other prcrerrcd embodiments contemplate a melliod of passively immunizing an 
animal against a preselected antigen, comprising: 

(1) introducing into the gastrointestinal tract of an animal a composition 
comprising plant cells containing a biologically active glycopolypcpiide multimer that is 
capable binding a preselected ligand; said multimer comprising at least two 
polypeptides, one of said pol>'peplides having (a) an immunoglobulin amino acid re sidue 
sequence, and (b) an oliuosaccharide comprising a core portion and a N- 
acetylglucosamine-containing outer branches, such that the multimer is free from sialic 
acid residues; and 

(2) disrupting the plant cell within llie gastrointestinal tract, thereby 
releasing the biologically active glycopolypeptide multimer into the gastrointestinal 
tract, and passively immunizing tiie animal. 

D. Compositions Containing GIvcopolvpeptid e Miiltimcr 

The present invention also contemplates biologically active compositions which 
comprise an encapsulated glycopolypeptide multimer comprising at least tv-^o 
polypeptides, one of said polypeptides having (a) an immunoglobulin amino acid residue 
sequence, and (b) an oligosaccharide comprising a core portion and a N- 
acetylglucosamine-containing outer branches, such that the multimer is free from sialic 
acid residues. 

In preferred embodiments the glycopolypeptide multimer is encapsulated in a 
plant cell, a plant cell wall, an enteric coating, a coating, and the like. 

PanicuJarly preferred are compositions containing ratios of about 10,000 grams 
of plant material to each 100 nanograms of glycopolypeptide multimer present to ratios 
of about 100 nanograms of plant material for each 10 grams of glycopolypeptide 
multimer present in the composition. In more preferred embodiments, the plant material 
is present in a ratio from about 10,000 grams of plant material for each one milligram of 
glycopolypeptide multimer present, to a ratio of about 100 nanograms of plant material 
present for each gram of glycopolypeptide mukimer present. In other preferred 
embodiments, the plant material is present in a ratio from about 10,000 grams of plant 
material for each milligram of glycopolypeptide multimer present to about one 
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milligram of pLnnt material present for each 500 milligrams of glycopolypcplidc 

muitimcr present in the composition. 

In other embodiments, the composition further comprises chlorophyll, 
synergistic compounds, medicines, compounds derived from mcdictnDl plants, and 
various pharmaceuticals and the like. Compounds from a medicinal plant may be added 
to the composition by expressing the glycopolypeptide muliimer in the medicinal plant 
and then har\'esting the plant. 

Tlie present invention also contemplates a glycopolypeptide multimer produced 
according to the method comprising: 

(a) introducing into the genome of a first member of the plant species a first 
mammalian gene coding for an autogenously linking monomcric polypeptide having a 
N-Iinked glycosylation signal that is a constituent part of the glycopolypeptide muliimer 
to produce a first transfonnant; 

(b) introducing into the genome of a second member of the same plant 
species another mammalian gene coding for another autogenously linking monomcric 
polypeptide that is a constituent part of the glycopolypeptide multimer to produce a 
second transfonnant; 

(c) generating from said first and second trans form ants a progeny 
population; and 

(d) isolating from said progeny population a transgenic plant species that 
produces the glycopolypeptide muhimer. 

Other multimers produced by the methods of this invention are contemplated, 
^- Generation of Biol ^gjcnllv Tmportanf Prnff mc 

The production of biologically or physiologically active multimeric proteins 
such as abzymes, immunoglobulins, enzymes, and the like, in relatively high yields is 
achieved in a transgenic, sexually reproducible plant constituted by plant cells that each 
contain integrated within the nuclear genome plural mammalian genes coding for 
autogenously linking polypeptides as well as the autogenously linking polypeptides 
themselves. These polypeptides are present in the plant cells as a biologically active 
polypeptide multimer such as a homomultimer or a heteromuliimer. These transgenic 
plants are morphologically normal but for the presence of the mammalian genes is 
substantially all of their cells. Tlie respective gene products can be present in 
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substantially all or a ponion of the plant cells, i.e., ilic products can be localized to a cell 
type, tissue or organ. 

Tlie foregoing transgenic plants are produced by introducing into the nuclear 
genome of a first member of the plant species a first mammalian gene that codes for an 
aulogenously linkable monomcric polypeptide which is a constituent part of the 
muliimeric protein to produce a viable first transformant. Similarly, another mammalian 
gene, coding for another autogenous!)' linkable monomcric polypeptide which also is a 
constituent part of the multimeric protein is introduced into the nuclear genome of a 
second member of the same plant species to produce a viable second transformant. Tlie 
sb-obtained first and second transformants are then sexually crossed and cultivated to 
generate a progeny population from which transgenic plant species that produce the 
multimeric protein are isolated. 

Transgenic plants embodying the present invention are useful not only to 
produce economically, and in relatively high yields, the desired multimeric protein but 
also as means for separating and/or concentrating a preselected ligand, such as a metal 
ion, from a fluid, i.e., gas or liquid. 

The transgenic plants produce a glycopolypeptide multimer containing a 
polypeptide having a glucosylated core portion as well as N-acetj'Iglucosamine 
containing outer ranches and an amino acid residue sequence of an immunoglobulin 
molecule, where the multimer is free from detectable sialic acid residues. 

Passive immunity against a preselected pathogen is achieved in an animal by 
administering to the animal an encapsulated, biologically active glycopolypeptide 
multimer capable of binding a pathogen antigen in an amount sufficient to establish 
within the animal a prophylactic concentration of the multimer. The glycopolypeptide 
multimer administered is free from detectable sialic acid residues and contains a 
polypeptide having a glycosylated core portion as well as N-acet>'lglycosamine 
containing outer branches and an amino acid residue sequence of nn immunoglobulin 
molecule. 

Tlie present invention also contemplates biologically acti\ e compositions 
comprising a glycopolypeptide multimer containing a polypeptide having a glycosylated 
core portion as well as a N-acetylg!ucosamine containing outer branches and an amino 
acid residue sequence of an immunoglobulin molecule, where the multimer is free from 
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dctcctabJc sialic acid residues and is enca; sulaicd in a proleciivc coaling such as a plant 
cell. 

Thus, in one embodiment of the invention, a biologically active 
glycopolypeptidc multimer is disclosed, which muliimer comprises at least two 
polypeptides, one of the polypeptides having (a) an inimunoglobiihn amino acid residue 
sequence, and (b) an oligosaccharide comprising a core portion and N- 
acetylglucosamine-containing outer branches, the muliimer being free from sialic acid 
residues. In one variation, the amino acid residue sequence includes an immunoglobulin 
heavy chain variable region amino acid residue sequence. In another variation, the 
amino acid residue sequence includes an immunoglobulin light chain variable region 
amino acid residue sequence. Jn still another embodiment, the amino acid residue 
sequence defines a catalytic or enzymatic site. 

In another aspect, a biologically active glycopolypeptide as described above is 
contemplated, and further comprises another polypeptide including another amino acid 
residue sequence bonded to the polypeptide. In one alternative embodiment, a 
biologically active glycopolypeptide multimer according to the invention includes at 
least one catalytic site. In another embodiment, h includes at least one enzymatic site. 

The invention also contemplates biologically active glycopoljpeptide multimers 
comprising a polypeptide having a glycosylated core portion as well as N- 
acetylglucosamine-containing outer branches and an immunoglobulin molecule amino 
acid residue sequence, bonded to another polypeptide including a different 
immunoglobulin molecule amino acid residue sequence, the muliimer being free from 
detectable sialic acid. In one variation, the immunoglobulin molecule amino acid 
residue sequence includes an immunoglobulin heavy chain variable region amino acid 
residue sequence. In another variation, the different immunoglobulin molecule amino 
acid residue sequence includes an immunoglobulin light chain variable region amino 
acid residue sequence. 

In another aspect of the present invention, the immunoglobulin molecule amino 
acid residue sequence includes an immunoglobulin heavy chain variable region amino 
crid residue sequence and the different immunoglobulin molecjle amino acid residue 
sequence includes an immunoglobulin light chain variable region amino acid residue 
sequence. In still another aspect, the immunoglobulin amino acid residue sequence 
defines a first portion of a catalytic site and the different immunoglobulin molecule 
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amino *ncid residue sequence defines a second portion of the catal)'lic site, whereby the 
first and second portions are associated together to fonti a greater ponion of the catalytic 
site. In otlier variations, the immunoglobulin molecule amino acid residue sequence 
includes an amino acid residue sequence of an immunoglobulin heavy chain variable 
5 region defming a portion of a catalytic site; and the different immunogl.*bulin molecule 

amino acid residue sequence includes the amino acid residue sequence of an 
immunoglobulin light chain variable region defining a portion of a catalytic site. 

Tlie invention also contemplates biologically active complex glycopolypeptide 
multimers as described hereinabove, wherein the immunoglobulin molecule amino acid 
0 residue sequence includes an immunoglobulin heavy chain variable region amino acid 

residue sequence defming a first portion of a catalytic site and the different 
immunoglobulin molecule amino acid residue sequence includes an immunoglobulin 
light chain variable region amino acid residue sequence defining a second portion of a 
catalytic site, whereby the first and second portions of the catal>tic site are associated 
together to form a greater portion of the catahtic site. 

Tlie invention also discloses biologically active glycopolypeptide multimers 
comprising (i) a polypeptide having an oligosaccharide defined by a glycosylated core 
portion with N-acetylglucosamine-containing outer branches and an immunoglobulin 
molecule amino acid residue sequence, wherein the polypeptide does not bind to a 
mouse immunoglobulin-binding lectin; and (ii) another polypeptide containing a 
different immunoglobulin molecule amino acid residue sequence, wherein the another 
polypeptide is bonded to the polypeptide. In one variation, the immunoglobulin 
molecule amino acid residue sequence includes an immunoglobulin heavy chain variable 
region amino acid residue sequence; in another, the different immunoglobulin molecule 
amino acid residue sequence includes an immunoglobulin light chain variable region 
amino acid residue sequence. 

Also disclosed are methods of passively immunizing humans or animals against 
a preselected ligand comprising contacting a prophylactic amount of a composition 
comprising a biologically active glycopolypeptide muliimer that is capable of binding a 
preselected ligand with a mucosal surface of the animal; the multimer comprising a 
polypeptide having a glycosylated core portion as well as N-acetylclycosamine 
containing outer branches and an amino acid residue sequence of an immunoglobulin 
molecule, the multimer being free from detectable sialic acid residues. In one method, 
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an e„capsu.a.cd, bio.o,.cn.,y acUve g.vcopo.vpepndc .o.nVncr capable ofbind.ng a 
preselected .igand .„ an a.c.n. sufncient .o e.abiish wiU,i„ a subjcc. a prophylactic 
conccntranon thereof is ad.ninister.d .o a subjcc; .he .n.hi.cr comprising a 
polypeptide having a gb cosylatcd core portion ns well as N-acetylglycosnn,ine 
containing outer branches and an a„,i„o acid residue .epuence ofan immunoglobulin 
molecule, the multimer being free from detectable sialic acid residues. ,„ vet another 
vanafon. an encapsulated, biologically active glycopo.ypep.ide mul.imer ^.pab.e of 
b.nd.n8 a pathogen antigen in an amount sufllcient to es.ablisi, within a subject a 
propMactic concentration thereof is administered ,o a subject; the mu.timer comprising 
a polypeptide havi.g a glycosylated core portion as well as N-acety,g,ucosamine ' 
con.a.nmg outer branches and an amino acid residue sequence of an immunoe.obulin 
molecule, the multimer being free from detectable sialic acid residues 

In various alternative embodiments, the mu.timer is encapsulated in a plant eel, 
I; ti,e muUtmer encapsulated in a plant cell and a composition comprising the plant 
cells ts admtntstered: or the multimer is encapsulated in an enteric coating. 

Otl,er methods include methods of providing passive immunitv against a 
preselected ligand to a subject (human or animal), which method comprises 
administering to the subject a biologically active glycopolypeptide multimer capable of 
b.nd.ng a preselected ligand in an amount sufficient to establish within the subject a 
prophylactic concentration thereof; the multimer comprising a polypeptide having a 
glycosylated core ponion as we,, as N-acetylglycosamin.- containing outer branches and 
an am.no acid residue sequence ofan immunoglobulin molecule, ti.e multimer bein. free 
from detectable sialic acid residues. Another method comprises administering to thi 
subject a biologlca„y active glycopolypeptide mu,t.mer capable of binding a pathogen in 
an amount sufficient to establish within the subject a prophylactic concentration thereof 
the mulfmer comprising a polypeptide having a glycosylated core portion as well as N.' 
acetj-Iglucosamine-containing outer branches and an amino acid residue sequence ofan 
-munoglobulin molecule, the multimer being free from detectable sialic acid residues 
In one variation, the multimer is administered as a composition constituted by the 
multtmer and a material having nutritional value; for exan,p,e. the materia, having 
nutrmonal value is animal or plant material. ,n another variation, the multimer is' 
adrntmstered as a composition constituted by the multimer and a physiologicallv inert 
material; it may also comprise plam material. 
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In various disclosed embodiments of ihe aforedcscribcd methods, the 
biologically active glycopoiypeptide is an IgA molecule, or it may comprise secretory 
IgA. In one variation, the biologically active glycopoiypeptide contains an IgA constant 
region amino acid residue sequence. 

Preselected ligands, as described herein, may include mucosal pathogen antigens 
or specific intestinal pathogen antigens. For example, the pathogen antigen may be an £. 
coli antigen, a Vibrio cholerae antigen, a Salmoneilae antigen, or a dental pathogen 
antigen. One exemplary dental pathogen antigen is a Streptococcus mutatis antigen. 

Another disclosed method of passively immunizing a subject against a 
preselected ligand comprising introducing into llie castroinlestina! tract of a subject a 
composition comprising plant cell walls and a biologically active glycopoiypeptide 
multimer that is capable of binding a preselected ligand; the multimer comprises at least 
tv^'o polypeptides, one of the polypeptides having (a) an immunoglobulin amino acid 
residue sequence, and (b) an oligosaccharide comprising a core portion and N- 
acetylglucosamine-containing outer branches, the multimer being free from sialic acid 
residues. Another method of passively immunizing an animal against a preselected 
ligand, which method comprises (a) introducing into the gastrointestinal tract of an 
animal a composition comprising plant cells containing a biologically active 
glycopoiypeptide multimer that is capable of binding a preselected ligand, the multimer 
comprising at least two polypeptides, one of the polypeptides having (i) an 
immunoglobulin amino acid residue sequence, and (ii) an oligosaccharide comprising a 
core portion and N-acet>'lglucosamine-containing outer branches, the multimer being 
free from sialic acid residues; and (b) disrupting the plant cell within the gastrointestinal 
tract, thereby releasing the biologically active glycopoiypeptide multimer into the 
gastrointestinal tract, and passively immunizing the subject. 

Tlie invention also discloses biologically active compositions comprising an 
encapsulated glycopoiypeptide multimer comprising at least two polypeptides, one of the 
polypeptides having (a) an immunoglobulin amino acid residue sequence, and (b) an 
oligosaccharide comprising a core portion and a N-acetylglucosamine-containing outer 
branches, the multimer being free from sialic acid residues. In alternative embodiments, 
the coating is a plant cell; in another, the coating is an enteric coaling. 

The invention also discloses glycopoiypeptide multimers produced according to 
the method comprising: (a) introducing into the genome of a first member of the plant 
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species u first mammalian gene coding for an autogcnously linking monomeric 
poljpeptidc having a N-linked glycosyiation signal that is a constituent part of the 
glycopolypeptidc multimer to produce a first transformant; (b) introducing into the 
genome of a second member of the same plant species another mammalian gene coding 
for another autogenously linking monomeric polypeptide that is a constituent part of the 
glycopolypeptidc multimer to produce a second transformant; (c) generating from the 
first and second transformants a progeny population; and (d) isolating from the progeny 
population a transgenic plant species that produces tlie glycopolypeptidc multimer. In 
one alternative embodiment, the plant material is present in a ratio of greater than I 
milligram of plant material for each I milligram of glycopolypeptidc multimer present. 
In another, the plant material is present in a ratio of less than 1 n.illicram of plant 
material for each I milligram of glycopolypeptidc multimer present. 

EXAMPr.t-y; 

The following examples are intended to illustrate, but not limit, the scope of the 
invention. 

Example I 

rSQlatipn Of An ImmimoHobulin Heav y Chain.rnrfing Ceng AnH An 
^mniunffr|ph|ih-n T,irht Chain-Coding Gene Frnn, T l ,e HvhriHnm. Cell Line fiDJ 
Hybridoma cells secreting the 6D4 antibody described by Tramontano et al., 
Ssiencfi. 234: 1 566-1570 (1986) were gixjwn to log phase in DMEM medium 
supplemented with 10% fetal calf scrum. Total RNA was prepared from 2 liters of log 
phase 6D4 hybridoma cells using the methods described by Ullrich et al.. Science . 196: 
13 13 (1977). Briefly, the 6D4 cells were collected by centrifugation and homogenized at 
room temperature for 20 seconds in 70 ml of 4 M cuanidinium thiocyanate containing 5 
mM sodium citrate at pH 7.0. 0.1 M 2-mcrcaptoethanol (2Mc) and 0.5% sodium laurCl 
sarcosinate using a Polytron homogenizer. Tlic homogenate was centrifuged briefly for 
5 minutes at 8.000 x g to remove the insoluble debris. 

About 28 ml of homogenate was layered onto a 1 0 ml pad of 5.7 M CsCI 
(Bethesda Research Laboratories. Gaithcrsburg. MD) in 4 mM ethylene diamine 
tetraacetic acid (EDTA) at pH 7.5 in a Beckman SW70 Ti rotor. The solution was 
centrifuged for at least 5 hours at 50,000 revolutions per minute (rpm) at 15°C. The 
supernatant. was carefully aspirated and the walls of the tubes dried to remove any 
remaining homogenate. Tlie RNA pellet was dissolved in a solution containing 10 mM 
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Tris-HCI at pH 7.4. 2 mM EDTA and 0.5% sodium dodccyl sulfate (SDS). Tliis solution 
was extracted twice witli a phenol solution. The rcsuhing aqueous phase was rccxtracicd 
with solution containing Phenol:chloroform:isoamyl alcohol (25:25:1 by volume). Tlie 
RNA was recovered from the resulting aqueous phase by adding l/IO volume of 3 M 
sodium acetate and 2 volumes of ethanol. This solution was maintained at -20 °C for 12 
to 1 8 hours to precipitate the RNA. The solution containing the precipitated RNA was 
centrifuged for 20 minutes at 10,000 x g at 4*C to produce a RNA containing pellet. 
The excess salt was removed from the RNA pellet by admixing 5 ml of 70% ethanol to 
the RNA pellet and the solution was centrifuged for 1 0 minutes at 1 0.000 x g at 4**C, 
The final RNA pellet was dissolved in 0.5 ml of DEPC-H^O and stored at -70 *C after 
removing a small aliquot to determine the RNA concentration by absorbancc at 260 nm. 

Messenger RNA (mRNA) enriched for sequences containing long poly A tracts 
was prepared from the total cellular RNA using the methods described in Molecular 
Cloning: A Laboratory Manual, Maniatis et al., eds.. Cold Spring Harbor Laboratory, 
New York (I9S2). Briefly, the total RNA prepared above was resuspended in one ml of 
DEPC-HjO and maintained at 65" for five minutes. One ml of 2x high salt loading 
buffer consisting of 1 00 mM Tris-CI, I M sodium chloride (NaCI), 2.0 mM EDTA at pH 
7.5, and 1.0% sodium dodecyl sulfate (SDS) was added lo the resuspended RNA and the 
mixture allowed to cool to room temperature. The mixture was then applied to an oligo- 
dT (Collaborative Research Type 2 or Type 3) column that had been previously prepared 
by washing the oligo-dT with a solution containing 0.1 M sodium hydroxide and 5 mM 
EDTA and then equilibrating the column with DEPC-HjO. Tlic eluate was collected in a 
sterile polypropylene tube and reapplied to the same column after heating the eluate for 5 
minutes at 65 ''C. The oligo dT column was then washed with 20 ml of high salt loading 
buffer consisting of 50 mM Tris-CI at pH 7.5. 500 mM NaCl, 1 mM EDTA at pH 7.5 
and 0.5% SDS. Tlie messenger RNA was eiuted from the oligo dT column with 1 ml of 
buffer consisting of 10 mM Tris-CI at pH 7.5, 1 mM EDTA at pH 7.5 and 0.05% SDS. 
The messenger RNA was concentrated by ethanol precipitation and resuspended in 
DEPC H,0. 

Complementary DNA (cDNA) was prepared from the mRNA prepared above. 
The first strand synthesis, second strand synthesis, and the flll-in reactions were carried 
out according to the procedures described by Watson et aL, DNA Clonini? Volume T. 
D,M. Glover, ed., ( ). Briefly, a solution containing 10 /^g of niRNA was maintained at 
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65»C for 5 .ninotcs and Ihen quickly chilled on ice. Tlie Hrsi cDNA s.rand was 
synthesized by adn^ixing .o .his solution . 00 ^1 of a reaction mixture containing 50 mM 
Tns-CI at pH S.3. 8 .nM MgCI,. 50 .„M KCI, 2 oligo (dT) I mM dATP. , „,M dGTP 
• mM dTTP. , n,M dCTP. , 0 n.M DTT. 60 units of RNasin (Promega Corporation ' 
Mad.son. WI). 4 ug Actinomyein. 135 units of AMV reverse transcriptase and JO^Ci 
««P-dCTP. This reaction mixture w.s maintained at for I hour. An additional 60 
un.ts of RNasin and SO units of reverse transcriptase were added and the reaction 
mixture maintained at 44-C for 30 minutes. The first s.rand cDNA synthesis reaction 
•was terminated by adding .005 ml of a solution containing 50 mM EDTA and 10% SDS 
Tl>e nucleic acids were purified by phenol extraction and then concentrated by ethanol ' 
precipitation. 

Tl,e second strand cDNA was synthesized by admixing all of the first strand 
CDNA product produced above to a 1 00 ^| solution containing 20 mM Tris-Cl at pH 7 5 
m mM KCI. 5 mM MgC,,. 10 mM (NH,), SO. 1 0 mM DTT. 0.05 mg/m, bovine serum 
albumm (BSA). 50 uM of dGTP. 50 dATP. 50 dTTP. 50 dCTP . 50 ^M 
beta-n,cotinamide adenine dinuclcotide (P-NAD') (Sigma Chemical Company St 
Louis. MO). ,5 uCUul [a-«P,dCTP. 30 units ^. c./ZDNA pol>^erase. 2.5 un.L RNase 
H, and 4 units £. coti DNA ligase. This solution M-as maintained at 1 4C for 1 hour and 
then further maintained at 25-C for , hour. TT,e second strand cDNA synthesis reaction 
was terminated by adding 5 of 0.05 M EDTA at pH 8.0. 5 ^1 of 1 0% SDS The 
nucle,c acids were purified from this reaction mixture by phenol e..traction followed by 
ethanol precipitation. 

Tl,e double stranded cDNA produced above was prepared for insertion into a 
clonmg vector, by converting the ends of the double stranded cDNA to blunt ends in the 
followmg fill-in reaction. One half of the double stranded cDNA produced above was 
added to a solution containing 33.4 mM Tris-acetate at pH 7.S. 66.6 mM potassium 
acetate, 1 0 mM magnesium acetate. 0.5 mM .DTT 87.5 ^g/ml BSA, 3 1 0 ;.M dGTP 3 1 0 
MM dATP. 3 10 MM dTTP. 3 1 0 ^M dCTP and 8 units of T4 DNA polymerase. This 
solution was maintained at 37C for 30 minutes and the reaction tenninated by adding 5 
Ml of 0.05 M EDTA. The blunt-.ndcd. cDNA produced was purified by phenol 
extraction and ethanol precipitation. 

Eco RI adaptors wer. annealed and then ligated to the blunt-ended cDNA 
produced above, l^riefly. polynucleotide NlCTable I) was kinased by adding 1 of the 
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po.ynuc/eo..-dc and 20 uni.s of T4 polynuclcotJdc kinase to a solution containing 70 „.M 
i ns-CI at pH 7.6. 10 mM MgCI,. 5 mM DTT, 10 n.M 2Mc and 500^g/n,l of BSA TU. 
so.ut.on was maintained at 37"C for 30 minutes and the reaction stopped by maintaining 
the solution at 65'C for lOminutcs. 20 ng of polynucleotide N2 (Table I) was added to 
the above kinasing reaction togeU.er with 1/1 0 volume of a solution containing 20 mM 
Tr.s-CI at pH 7.4. 2 mM MgCI, and 15 mM NaCI. This solution was heated to 70-C for 
5 mmu.es and allowed to cool to room ten.perature. approximately 25-C. over 1.5 hours 
■n a 500 ul beaker of water. During this time period, the 2 polynucleotides present in the 
solution annealed to form the double stranded Eco RI adaptor. 

misLL 

Eco Rf Ari^pt or Polvniirl,.o t.V<»c 

(Nl) 5--CCTrGACCGTAAGACATG-3- (SEQ ID NO 1) 

(N2) 5'.AATTCATGTCrrACGGTCAAGG-3' (SEQ ID NO 2) 

™'''°"»>'«^^«<««d Eco RI adaptor was covalently linked (hgated) to the blunt- 
ended cDNA produced above by adding 5 of the annealed adaptors to a solution 
containing 50^, Tris-C, at pH 7.5. 7 ^l.MgCK. 1 mM DIT. I mM ATP and ,0 units of 
T4 DNA hgase. This solution was maintained at 37-C for 30 minutes and then the T4 
DNA hgase was inactivated by maintaining a solution at 720C for 15 minutes. 

The 5' ends of the resulting cDNA were phosphorylated by admixing 5 ^1 of the 
above reaction. 4 ^I of a solution containing 10 mM ATP and 5 units of T4 
polynucleotide kinase. This solution was maintained at 37-C for 30 minutes and then 
the T4 polynucleotide kinase was inactivated by maimaining the solution at 65-C for 10 
minutes. 

The CDNA prepared above was size fractionated to obtain long cDNA inserts 

ZZ ^"""^"'^ " '"^ Mol^.»l.^rlon,•n.•M.^o^r^.■ 

Maou^. Man.at.s et al.. eds.. Cold Spring Harbor Laboratoo'. New York 
Br.ef]y. the reaction mixture prepared above w.s added to an equal volume of ^x CL4B 
co,un,„ buffer consisting of 20 mM Tris-C. at pH 8.0, 1.2 M NaCI. 1 mM EDTA and 
0. . /. sarkosyl. This solution was loaded onto a 5 ml CL-4B column that was previously 
prepared using pre-swollen sepharose CL-4B (Pharmacia LKB Biotechnology Inc 
P.sca.. ^^.^^ ^^^^^ ^^^^^^ ^^^^ ^^^^ 

filled wuh IX column buffer consisting of 10 mM Tris-Cl at pH 8.0. 600 mM NaCI 1 
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niM EDTA and 0.1% sarkos^'l. The column was allowed to flow by gravity and 
approximately 200 fractions were collected manually. The size of the double stranded 
cDNA present in each of the fractions was determined by gel electrophoresis through a 
0.8% agarose gel. Fractions containing high molecular weight cDNA as determined by 
the agarose gel electrophoreses were pooled and concentrated using butanol extraction 
and then elhanol precipitated to produce sizc-fractionated cDNA. 

The size-fractionated cDNA prepared above was ligated directly into lambda 
Zap (Stratagenc Cloning Systems, La Jolla, CA) that had been previously digested with 
the restriction endonuclease Eco RI. The ligation mixture was packaged according to the 
manufacturers' instructions using Gigapack II gold packaging extract available from 
Strataccne Cloning Systems and plated on BB4 cells (Stratagenc Cloning Systems, La 
Jolla, CA) to produce plaques. 

The plaques were screened with a radiolabeled probe containing the constant 
region gene of a human antibody. Briefly, the human IgG constant region probe 
previously described by Rabbitts et al., Cold Sprinc? Harbor Quantitative Biology 45; 
867-878 (1980), and the human Kappa light chain probe previously described by 
Rabbitts et al.. Cold Soring Harbor Quantitative Biology 45: 867-878 (1980), was nick 
translated using standard protocols described by Molecular Cloning: A Laboratory 
Manual, Maniatis et ah, eds.. Cold Spring Harbor, New York (1982). Probes prepared 
using this protocol and having a specific activity of greater than 1x10* cpm/^g were 
hybridized with plaques from the above-prepared library using methods well known to 
one skilled in the art. Briefly, the titer of the cDNA library prepared above was 
determined by making serial dilutions of the library into a buffer containing 1 00 mM 
NaCI. 50 mM Tris-CI at pH 7.5 and 10 mM magnesium sulfate. \0 ^\ of each" dilution 
was admixed to 200 ^tl of exponentially growing £1 coii cells and maintained at 3 7"C for 
1 5 minutes to allow the phage to absorb to the bacterial cells. 3 ml of top agar consisting 
of 5 g/l NaCl, 2 g/l of magnesium sulfate, 5 g/l of yeast extract, 10 g/l of NZ Amine 
(casein hydrolysate) and 0.7% molten agarose was prepared and placed in a 50'C water 
bath until used. The phage, the bacteria and the top agar were mixed and then evenly 
distributed across the surface of a prewarmed bacterial agar plate (5 g/l NaCI, 2 g/l 
magnesium sulfate, 5 g/l yeast extract, 10 g/l NZ Amine and 15 g/l Difco agar. The 
plates were mainiained at 37*C for 12 to 24 hours during which lime the lambda plaques 
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developed on the bac.erial lawn. The lambda plaques were eoun.ed to determine the total 
number of plaque forming units per milliliter in the original library. 

Tlie titercd cDNA library was then plated out so that replica filters could be 
produced from the library. The replica fillers were used to later segregate the individual 
clones containing cDNAs coding for citl,cr immunoglobulin hea^'y or immunoglobulin 
light chain. Briefiy. a volume of the titer cDNA library that would yield 20,000 plaques 
per 150 millimeter plate was added to 600 m\ of exponentially growing £. co// cells and 
maintained at 37-C for 1 5 minutes to allow the phage to absorb to the bacterial cells. 
Tl,en 7.5 ml of top agar was added to the solution containing the bacterial cells and 
phage. Tl,e bacterial cells with the phage absorbed to U,em were mi.xed with the top a-ar 
and the entire mixture distributed evenly across the surface of the pre-warmed bacterial 
agar plate. This entire process was repeated for sufficient number of plates to produce a 
total number of plaques at least equal to the libra^. size. These plates were then 
maintained at 37-C for 16 hours during which time the plaques appeared on the bacterial 
lawn. The plates were then overlaid with nitrocellulose filters and the orientation of 
each filter on the bacterial plates marked with ink dots. The filters were maintained on 
the bacterial plates for 1 to 5 minutes and then removed with a blunt-ended forceps and 
placed contact side up on a sponge pad soaked in a denaturing solution consisting of 1.5 
M NaCl and 0.5 M NaOH for approximately 1 minute. The filter was then transferred, 
contact side up. onto a sponge pad containing a neutralizing solution consisting of 1.5 M 
NaCl and 0.5 M Tris-CI at pH 8.0 for 5 minutes. The filter was then rinsed in a solution 
containing 0.36 M NaCl. 20 mM NaH.PO, at pH 7.4. and 2 mM EDTA and placed on 
Whatman 3 MM paper to dry. Tliis process ^vas repeated for each bacterial plate to 
produce a second replica filter for hybridization. After all the filters were dry the sheets 
were placed between Whatman 3 MM paper and the filter was baked for 2 hours at SO'C 
in a vacuum oven. The filters were now ready for hybridization with specific probes. 

Tlie baked filters were placed on the surface of a solution containing M NaCl 
and 0.09 M sodium citrate at pH 7.0 until they have become thoroughly wetted from 
beneath. The filters xvere submerged in the same solution for 5 minutes. The filters 
were transferred to a pre-washing solution containing 50 mM Tris-CI at pH 8.0. 1 M 
NaCl, 1 mM EDTA and 0.1% SDS. The pre-washing solution was then maintained at 
42'Cfor2hours. 
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The filters were removed from the pre-washing solution and placed in a prc- 
hybridization solution containing 25% formamide. I.O M NaCI 50% dextron sulfate. 
0.05 M NaPO, at pH 7.7, 0.005 M EDTA. 0.1% ficoll, 0.1% BSA. 0.1% poly( vinyl 
pyrolidone). 0.1% SDS and lOO^g/ml denatured, salmon sperm DNA. Tlie fillers were 
maintained in the pre-hybridization solution for 4 to 6 hours at 42 "C with gentle mixing. 
The filters are tiien removed from the pre-hybridization solution and placed in a 
hybridization solution consisting of pre-hybridization solution containing 2x10" cpm/ml 
of "P-labeled probe that has a specific activity of at least 1x10' cpm/^g. The filters 
were maintained in the hybridization solution for 12 to 24 hours at 42»C with gentle 
mixing. After the hybridization was complete the hybridization solution is discarded and 
the filters were washed 3 to 4 times for 10 minutes in a large volume of a solution 
containing 0.9 M NaCI. 0.09 M sodium citrate at pH 7.0 and 0. 1% SDS at 60»C. Tlie 
filters were removed from the wasliing solution and air dried on a sheet of Whatman 3 
MM paper at room temperature. The filters were taped to sheets of 3 MM paper and 
wrapped with plastic wrap and used to expose X-ray film (Kodak XR or equivalent) at - 
70'C with an intensifying screen to produce an autoradiogram. The film was developed 
according to manufacturers' directions. Positive hybridization signals were aligned to 
the proper plaque by virtue of the asymmetrical ink spots placed on the nitrocellulose 
filters. 

Hybridizing plaques were isolated to purity and the inserts excised from the 
lambda ZAP vector according to the underlying in vivo excision protocol provided by the 
manufacturer. Stratagene Cloning Systems, La Jolia, CA and described in Short et al.. 
N^'cleic Acid<; Res , 16: 7583-7600 (1988). This in vivo excision protocol moves the 
cloned insert from the lambda ZAP vector into a phagemid vector to allow easy 
manipulation and sequencing. The hybridizing inserts were sequenced using the Sanger 
dideoxy method described by Sanger et al., Proc. Natl. AcaH Ari \]<^A 74: 5463-5467 
(1977) and using the Sequenase DNA Sequencing kit (United States Biochemical 
Corporation, Cleveland. OH). Two full length light chain clones designated pABZlOO 
and pABZlOl were identified by DNA sequencing. In addition, one full length heavy 
chain clone designated pABZ200 was also identified. 

These full length cDNA clones were subcloned into mplS using procedures 
similar to the procedures described in Molecular Cloninfr; a l.ahorator\' Mam>al - 
Maniatis et al., eds.. Cold Spring Harbor Laboratory New York (1982). Briefly, die 
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phagemids containing ihe full length cDNA clones were digested with ihe rcsiriction 
endonuclease Eco RJ and the full length cDNA inserts isolated by gel electrophoresis. 
The isolated full length cDNA inserts were ligatcd to M13 mpIS that had been 
previously digested with Eco RI. Tlie ligation mixture was plated on appropriate 
bacterial host cells and phage plaques containing the full length cDNA inserts isolated. 
The accuracy of this cloning step was confirmed by restriction mapping. 

Single stranded uracil-containing template DNA was prepared according to the 
protocols provided with the Muta-Gene M\3 in vitro Mutagenesis kit (Bio-Rad 
Laboratories, Richmond, CA). Briefly, an isolated colony of bacterial strain CJ236 
containing botli the dur and ung mutations was admixed into 20 ml of LB media (10 g/1 
Bactolryptonc, 5 g/l yeast extract and 5 g/l NaCI) containing 30 ^g/ml chloramphenicol. 
This solution was maintained at 37*C for 12 to 16 hours to produce an overnight culture. 
1 ml of this overnight culture was admixed with 50 ml of 2xYT medium (16 g/l 
Bactotiyptone, 10 g/l yeast extract and 5 g/l NaCl) containing 30 A^g/ml chloramphenicol 
in a 250 ml flask. This solution was maintained at 37*C with constant shaking for about 
4 hours or until the optical density at 600 nanometers (nm) was 0.3. This optical density 
corresponds to approximately 1x10' colony forming units per millimeter. Tlie M13 
phage containing the full length cDNA inserts were added at a multiplicity of infection 
of 0^ or less. This solution was maintained with shaking at 37*^0 for 4 to 6 hours. 30 
ml of the resulting culture was transferred to a 50 ml centrifuge tube and centrifuged at 
17,000 X g (12,000 revolutions per minute in the Sorvall SS-34 rotor) for 15 minutes at 
4**C. Tlie resulting phage particle containing supernatant was transferred to a fresh 
centrifuge tube and recentrifugcd at 17,000 x g for 15 minutes at 4"C. This second 
supernatant was transferred to a fresh polyallomer centrifuge tube and 1 50 micrograms 
of RNase A admixed to the supernatant. This supernatant was maiiiLained at room 
temperature for 30 minutes to allow the RNase A to digest any RNA present. One/fourth 
volume of a solution containing 3.5 M ammonium acetate and 20% polyethylene glycol 
8000 (PEG 8000) was admixed to this supernatant. This supernatant was maintained on 
ice for 30 minutes. During tliis time, any phage particles present in the supernatant were 
precipitated by the PEG 8000. The precipitated phage particles were collected by 
centrifuging this solution at 17,000 x g for 15 minutes at 4''C. The resulting pellet was 
resuspended in 200 ^1 of higli salt buffer (300 mM NaCI, 100 mM Tris-CI at pH 8.0 and 
1 mM EDTA). This solution was maintained on ice for 30 minutes and then centrifuged 
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for 2 minu.cs .„ an microfuge ,o rc.novc any insoluble ma.crinl. The rc5uhi„e 
supcrnalan, was .ransferred to a fresh tube and stored at 4 'C until used as a phage stock 
Single stranded uracil containing template DNA was prepared by extracting the 
cnttre 200 m\ phage stock twice with an equal volu.ne of neutralized phenol. TJ,e " 
aqueous phase was re-cxtracted once with a solution of phenol chloroform ps -^S l 
phenol: chJorofomKisoamyl alcohol) and further extracted several times with chlorofonn 
.soamyl alcohol (1:1/48 chloroform: isoamyl alcohol). One/tenth volume of 7 8 M 
ammonium acetate and 2.5 volumes of e.hanol were admixed to the resulting aqueous 
phase. Tins solution was maintained at -70-C for at leas. 30 minutes to precipitate the 
DNA. The precipitated DNA was collected by centrifuging t,,e solution for , 5 minutes 
at 4»C. The resulting DNA pellet was washed once wi.h 90% ethanol and resuspended 
.0 20^, of asolution containing 10 mM Tris-CI at pH 7.6 and 1 iVl EDTA. The amount 
of uracil containing template DNA present in this solution was dcten.ined by gel 
electrophoresis. This uracil containing template DNA was used in further mutagenesis 
steps to mtroduce restriction endonuclease sites into the full length cDNAs. 

Mutagenic full length cDNAs were synthesized according to the procedures 
provided in the Muta-Gene kit (Bio-Rad Laboratories. Richmond. CA). Briefly 
polynucleotides designed to introduce Eco RI restriction endonuclease sites xverc used to 
pnme the synthesis of a mutagenic strand from the single-stranded uracil containing 
template DNA. The polynucleotide u^s phosphorylated by admixina 200 picomoles 
(pmoles) of the selected polynucleotide with a solution containing 1 00 mM Tris-Cl at pH 
8.0. 10 mM MgCU, 5 mM DTT. 0.4 mM ATP and 4.5 units of T4 polynucleotide kinase 
to produce a kinasing reaction. This solution was maintained at 37-C for 45 minutes 
The kmasing reaction was stopped by maintaining the solution at 65'C for 10 minutes 
The kmased polynucleotide was diluted to 6 moles/;.! with a solution containing 10 mM 
Tris-CI al pH 7.6 and 1 niM EDTA. 

•nte kinased polynucleotide was annealed to the single stranded uracil containing 
DNA template prepared above by admixing 200 ng of uracil containing template DNA 3 
moles of kinased polynucleotide. 20 mlA Tris-CI at pH 7.4, 2 mM MgCK and 50 mM ' 
NaCl. This solution was maintained at 70-C for 5 minutes and allowed to cool at a rate 
of approximately 1 'C per minute to 30-C. This solution was then maintained on ice 
until used. 1 ^1 of a solution containing 4 mM dATP. 4 mM dCTP. 4 mM dCTP. 4 mM 
rrP, 7.5 mM ATP. 175 mM Tris-CI at pH 7.4. 37.5 mM MgCi,. 215 mM DTT, was 
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admixed to the solution along with 5 units orT4 DNA ligasc and I unit of 4 DNA 
polymerase. This solution was maintained on ice for 5 minutes to stabilize the 
polynucleotide primer by initiation of DNA synthesis under conditions that favor 
binding of the polynucleotide to tlie uracil containing template. The solution was then 
maintained at IS'^C for 5 minutes and fmally maintained at 37**C for 90 minutes. The 
syniliesis reaction was stopped by admixing 90 ^\ of stop buffer (10 mM Tris-CI at pH 
8.0 and 10 mM EDTA) to this solution and freezing it. This synthesis reaction was then 
stored at -20"C until used. 

The S3*nthesis reaction was transformed into competent MVI 190 cells using the 
protocol described in the Muta-Gene kit. Briefly, competent MVI 190 cells were 
prepared by admixing an isolated colony of MVI 190 cells to 10 ml of LB medium and 
maijiiaining this solution at 37**C overnight with constant shaking. Tlic next day, 40 ml 
of LB medium was admixed witli a sufficient amount of the overnight MVI 190 culture 
to give an initial absorbance reading (optical densit}' at 600 nm) of approximately 0.1 . 
The solution was then maintained at 37'C for ..pproximately 2 hours with constant 
shakinr.. During this time, the culture should reach an absorbance reading of 0.8 to 0.9. 
W^cn this absorbance reading is reached, the MVI 190 cells were centrifuged at 5,000 
rpm for 5 minutes at O'C. The MV1190 cell pellet was resuspended in I ml of ice-cold 
50 mM CaCU. An additional 19 ml of ice-cold 50 mM CaCl^ was admixed to this 
solution. The resulting solution was maintained on ice for 30 minutes. The cells were 
centrifuged at 5,000 rpm for 5 minutes at O'C. The MVI 1 90 cell pellet was resuspended 
in I ml of ice-cold 50 niM CaClj. An additional 3 ml of ice-cold 50 mM CaCK was 
admixed to the solution and the solution maintained on ice. The MVI 190 cells were 
now competent for transformation. 

A 10 ^1 aliquot of the synthesis reaction prepared above was admixed gently 
with 0.3 ml of competent MVI 190 cells in a cold 1.5 ml sterile polj'propylene tube. This 
solution was maintained on ice for 90 minutes. The solution was then placed in a 42°C 
water bath for 3 minutes and returned immediately to ice. The transformed cells were 
then plated on the MVI 190 cell line at 3 different concentrations. 10 ;^1. 50 ^tl, and 100 
^tl of the transformed cells were added to individual tubes containing 0.3 ml of a 
MVI 190 overnight cell culture. Tliis solution was gently but thoroughly mixed and then 
50 /2l of 2% 5-bromo-4-chloro-3-indoyl.bcta-D-galactopyranoside (X-GAL), 20 /.tl of 
100 mM isopropyl-beta-thio-galactopyranoside (IPTG) and 2.5 ml of molten top agar 
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(0.7 e Baclo-Agar/lOO ml in LB medium) tha, had beer, cooled .o about 50'C was 
admixed .o U,e sol..ion. The resulting solution was immediately poured onto the sorfaee 
of bacterial plates consisting ofl5 g/L Bacto-Agar in LB medium. The agar was 
allowed to cool for about 10 minutes and then the plates were inverted and n.ain.aincd 
overnight at 37"C during which time plaques developed in the MVl 190 cell lawn. 

Isolated plaques resulting from the above transformation were picked and grown 
up according to standard procedures described in the instruction provided with the Mu.a- 
Gene Kit (Bio-Rad Laboratories. Richmond. CA). Double-stranded RF DNA was then 
produced from each plaque using the alkaline lysis mini-prep procedure described in 
M0kPvl.rrinmn.- ALaboraton^M-,n,.^ . Mania.is et al.. eds.. Cold Spring Harbor 
Laboratoo^. Cold Spring Harbor, NY (.982). The resulting DNA was then digested with 
restncfon endonuclcases that allow the identification of mutants containing the desired 
polynucleotide. 

Mutants identified in this manner were then sequenced to confirTT, the DNA 
sequence of the mutant cDNA coding for either immunoglobulin heavy chain or 
immunoglobulin light chain. 

Example 2 

Construction Of Fw^sfpn Vector^; rontainin. If.np, i ^ ^ h, Th.^in r.>n >. 
An expression vector containing the entire kappa light chain gene including the 
kappa leader was produced in the following manner. The full length kappa li^ht gel 
cDNA isolated above was mutagenized using polynucleotides PI and P3 (Table 2) and 
the mutagenesis procedures described above. Polynucleotide PI introduces an Eco RJ 
restnction endonuclease site at the 5" end of the full length kappa cDNA. Polynucleotide 
P.. mtroduces an Eco RI restriction endonuclease site at the 3" end of the full leneth 
kappa light chain cDNA clone. Mutant transformants containing 2 additional Eco RI 
restriction endonuclease sites indicating that both polynucleotide PI and polynucleotide 
P3 had been introduced into the mutants were isolated. These mutants were then 
sequenced to confirm that they did contain the DNA sequence of both polynucleotide PI 
r.nd polynucleotide P3. 

The full length kappa light chain cDNA (Fi: -z I A) was excised « ith the 
restriction endonuclease Eco RI sites at the 5' and 3' ends and the restriction fragment 
isolated using gel electrophoresis. This isolated restriction fragment was directly ligated 
to the PMON530 expression vector that had been previously digested with Eco KJ ' 
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(Figure 2). (The pMON530 expression vector is commercially available from Monsanlo, 
St. Louis, MO.) Tlie resulting ligation mixture was iransfonncd into suitable host cells 
and individual transformants isolated. DNA was prepared from the individual 
transformants using procedures similar to the standard of procedures described in 
Molecular Cloning: A Laboratory Manna? . Maniaiis et al.. Cold Spring Harbor 
Laborator>', New York {19S2). The Iransformant DNA was then digested with various 
restriction endonucleascs to establish the orientation of the kappa light chain cDNA gene 
witliin the expression vector. The resulting kappa light chain expression vector 
contained a gene coding for the entire kappa chain including the kappa leader. 

An expression vector containing the kappa light chain gene without its leader 
sequence was produced in the following manner. The full Icntith kappa light chain genes 
cDNA isolated above was muiagenized using polynucleotides P2 and P3 (Tabic 2) and 
the mutagenesis described above. Polynucleotide P2 introduces an l-co RI restriction 
cndonuclease site just 5* of the sequence that codes for the N-tcmiinal amino acid of the 
mature kappa light chain and thus removes the kappa light chain leader sequence 
normally transcribed in the wild type cDNA, Polynucleotide P3 introduces an Eco RJ 
restriction endonuclease site at the 3* end of the full length kappa light chain cDNA 
clone. Mutant transformants containing 2 additional Eco RI restriction cndonuclease 
sites indicating that both pol>'nucleotide P2 and polynucleotide P3 had been introduced 
into the mutants were isolated. These mutants were then sequenced to confirm that they 
did, in fact, contain the DNA sequence of both polynucleotide P2 and polynucleotide P3. 

The leaderless kappa light chain cDNA produced by this mutagenesis was 
excised with the restriction endonuclease Eco RI sites at the 5* and 3* ends and the 
restriction fragment isolated using gel electrophoresis. This isolated restriction fragment 
was directly Jigated to the pMON530 expression vector that had been previously 
digested with Eco RJ (Figure 2). The resulting ligation mixture was transformed into 
suitable host cells and individual transformants isolated. DNA wcs prepared from the 
individual transformants and the transformant DNA was then digested with various 
restriction endonucleascs to establish the orientation of the leaderless kappa light chain 
cDNA gene within the expression vector. The resulting leaderless kappa light chain 
expression vector contained a gene coding for the kappa chain without its normal leader 
sequence. 
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Tnhle 7 
Mutapenir. P<;> lvniiclentirip<; 

(Pl)-5'-TGTGAAAACCATATTGAATTCCACCAATACAAA-3' 
(SEQ ID NO 3) 

(P2)-5'-AnTAGCACAACATCCATGTCGACCAA1TCAATCCAAAAAAGCAT-3' 
(SEQ ID NO 4) 

(P3)-5'-GGGGAGCTGGTGGTGGAATTCGTCGACCTTTGTCTCTAACAC-3' 
(SEQ ID NO 5) 

(P4)-5'-CCATCCCATGGTTGAATTCAGTGTCGTCAG-3' 
(SEQ ID NO 6) 

(P5).5'.CTGCAACTGGACCTGCATGTCGACGAATrCAGCTCCTGACAGGAG-3' 
(SEQ ID NO 7) 

(P6)-5'-CCTGTAGGACCAGAGGAATTCGTCGACACTGGGATTATITAC-3' 
(SEQ ID NO 8) 

Example 3 

Congmicnpn Of Fxpression Vrrtors Contatni p g Qamma T-Tpavv rhain r.^n^ 
An expression vector containing the entire gamma heavy chain gene including 
the gamma leader was produced in the following manner. The full length gamma heavy 
chain gene cDNA isolated above was mutagenized using polynucleotides P4 and P6 
(Table 2) and the mutagenesis procedures described abo^•e. Polynucleotide P4 
introduces an Eco RJ restriction endonuclease site at the 5' end of the native full length 
gamma cDNA. Polynucleotide P6 introduces an Eco RI restriction endonuclease site at 
the 3- end of the full length gamma heavy chain cDNA clone. Mutant transformants 
containing 2 additional Eco RJ restriction endonuclease sites indicating that both 
pol>'nuclcotide P4 and polynucleotide P6 had been introduced into the mutants were 
isolated. These mutants were then sequenced to confirm that they did in fact contain the 
DNA sequence of both polynucleotide P4 and polynucleotide P6. 

The full length gamma heavy chain cDNA was excised with the restriction 
endonuclease Eco Rl at the 5' and 3' ends (Figure IB) and the restriction fragment 
isolated using gel electrophoresis. This isolated restriction fragment was directly ligated 
to the pMON530 expression vector that had been previously digested with Eco RJ 
(Figure 2). Tlie resulting ligation mixture was transformed into suitable host cells and 
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indivdua, .ransfom,.ns isCa.ed. ONA was prepared from .he ind.vidua, .ransfonuanrs 
and :„e transfonnant DNA was then digested with various res.ric.on cndonucleases .o 
establish the orientation of the gamma heavy chain eDNA within .he expression vector 
The resulting gamma heavy chain expression vector contained a gene coding for the 
entire gamma heavy chain including the gamma leader. 

An expression vector containing the gamma heavy chain gene without its leader 
sequence was produced in the following manner. The full length gamma heavy chain 
eene cDNA isolated above was mutageni.ed using polynucleotides P5 and P6 (Table 2) 
and the mutagenesis procedures described above. Polynucleotide PS introduces an Eco 
RI restncfon endonuclease site immediately 5' of the sequences that code for the N- 
tcrmina. amino acid of the mature protein and thus remove the norma, gamma leader 

HnToTt, TiiT''^ '""'"^^ ^'^ - 

end of the full length gamn^a heavy chain cDNA Cone. Mutant transformants 

containing 2 additional Eco RI restriction endonuclease sites indicating that both 
polynucleotide P5 and polynucleotide P6 had been introduced into the mutants were 
related. These mutants were then sequenced to confirm that they did contain both 
polynucleotide P5 and polynucleotide P6. 

This Jeaderless gamma heavy chain cDNA was excised with the restriction 
endonuclease Eco RI sites located at the 5^ and 3" ends and the resulting restriction 
fragment isolated using gel electrophoresis. This isolated restriction fragment was 
directly ligated to the pMON530 expression vector that had been previously diaested 
w.th Eco R, (Figure 2). The resulting ligation mixture was transformed into suitable 
host cells and individual transformants isolated. DNA was prepared from the individual 
transformants and the transformant DNA was then digested with various restriction 
cndonucleases to establish the orientation of the gamma heavy chain cDNA within the 
expressK^n vector. The resulting gamma heav,- chain expression vector contained a gene 
cod.ng for the gamma heavy chain without its native gamma leader. 

Example 4 , 
Jntroduction Of fm mttnoplnbulm n.p.c 
The leaderless kappa expression vector. tl,e leaderless gamma expression vector 
he nanve kappa expression vector and the native gamma expression vector prepared in ' 
above examples were mobilized into Ag^abacranu., strain GV3 1 1 1 -SE usin. the 
tnparental conjugation system of Ditta et al.. Proc, M.,, .... . ^.^^^^^^.^ 
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(19S0). Briefly, ihc Agrobacicriutn (acccplor) GV3 1 1 l-SE, was grown on an near pJalc 
containing MGL medium consisting of 2.6 g/L yeast extract, 5 g/L Iryptone, 5 g/L NaCI, 
5 g/L mannitol. M6 g/L monosodium glutamate, 0.25 g/L 0.1 g/L N4gSO,- 

7H2O per liter, and 1 mg/L biolin at pH 7.0 for J 2 to 1 8 hr at 28C. The E. coli (helper) 
5 strain containing the mobilization plasmid pRK2073 described by Bener et al., L 

Bacterfol . 155: 3 1 1 (19S3), was grown on an agar plate containing LB agar (LB agar is 5 
g/L yeast extract, 10 g/L lr>'pione, 10 g/L NaCI, 15 g/L Bacto-agar, at pH 7.0) for 12 to 
1 8 hr at 37C. The E. coli containing each of the expression vectors were grown on 
bacterial culture plates containing LB medium supplemented with 3 ug/ml tetracycline 

10 and 1 0 ug/ml kanamycin for 12 to IS hr at 37C. An equal amount (about 1 x 10* cells) 

of all three bacteria, the acceptor Agrobacfcriunu tbe helper E. colt\ and the E. coli 
containing the expression vectors were mixed together and plated out on a bacterial plate 
containing AB agar medium containing 100 ug/ml kanamycin, 200 ug/ml spectinomycin 
and 50 ug/ml chloramphenicol (1 liter AB medium agar contains 1 g NH4CI, 0.3 g 

1 5 - MgSO,-7HjO, 0. 1 5 g KCl, 0.0 1 g CaCI,, 2.5 mg FeS.-7H20. 3 g K2HPO,, 1 .1 5 g 

NaH2P04-HjO. 5 g glucose and 15 g Bacto-agar). Tlie bacterial culture plates were 
incubated at 28C for two to four days. Single transformant colonies were admixed into a 
culture flask containing LB medium supplemented with 100 ug/ml kanamycin, 200 
ug/ml spectinomycin and 50 ug/ml chloramphenicol was maintained with gentle shaking 

20 at 28C for 12 to 18 hours. Each of the expression vectors prepared in the above 

examples were now in a culture oi Agrobacterium and thus ready to be introduced into a 
plant. 

Tobacco leaf discs were transformed using the methods described in Rogers et 
ah, in Methods For Plant Molecular Biology . Academic Press, Inc., San Dieco (1988). 

25 Healthy, young tobacco leaves were surface sterilized by placing the leaves in a solution 

containing 20% household bleach (w/v) and 0.1 Vo SDS (w/v) for 8 minutes. The leaves 
were then transferred to a solution containing 98% ethanol for 60 seconds and rinsed 
twice in sterile double distilled H,0. The leaf discs were then punched with a 6-mm 
paper punch. The discs were placed basal side down, in MS 10 solution (MS salts, Gibco 

30 Laboratories, Grand Island New York, 0.01 mg/ml thiamine HCL, 0.001 mg/ml 

pyridoxine HCl, 0.001 mg/ml nicotinic acid, and 0.1 mg/ml inositol, 30 g sucrose, 0.01 
ug/ml naphthalene acidic acid [NAA], 1.0 ug/ml benzyladenine [BA], and 10 g/l Bacto- 
agar at pH 6.0). Each di .c was admixed to the culture of Agrobacrerium containing the 
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expression vectors for 5 seconds. The discs xvere then blotlcd dry on sterile filter paper 
and transferred basal side dovvn to the MSIO medium and die medium maintained for 48 
hours under normal growing conditions. Each Icafdisc was then washed in sterile water 
to remove most of the Agrobaclerium containing the expression vector. The leaf discs 
were blotted dry on sterile number 9 Whatman filter paper and then placed basal side up 
on MSIO medium selection plates containing 200 ug/ml kanamycin sulfate and 500 
ug/ml carbenicillin. Selection plates were maintained under normal growing conditions 
for two weeks. Within the nvo weeks, callus appeared and shortly later shoots appeared. 
After the shoots appeared, they were transferred to recen. ration plates containing MSO 
medium (MSIO with no NHA or BA) and 200 ug/ml kanamycin sulfate and 500 ug/ml 
carbenicillin. Tl,e shoots that rooted in the regeneration plates were transferred to soil to 
produce plantlets. The planllcts were maintained under standard growil, conditions until 
they reached maturity. 

A population of plantlets was prepared from each of the expression vectors 
constructed in the above examples using the procedure just outlined. Leaf extracts from 
each of the plantlet populations were screened for the presence of immunoglobulin 
heavy or light chain using an ELISA assay based on the methods described by Engvall et 
al-UmumnsL 109: 129-135 (1972). Briefly, 50 ul of a solution containing I5o1m 
NaCl and 20 mM Tris-Cl at pH «.0 (TBS), and either a goat anti-mouse heavy chain or a 
goat anti-mouse light chain specific IgG (Fisher Scientific. Pittsburgh. PA) was admixed 
into the wells of microliter plates. The plates were maintained for about 1 6 hours at 4C 
to pennit the goat antibodies to adhere to the microliter nvcU walls. After washing the 
wells four times with H,0. 200 ul of TBS containing 5% non-fat dry milk admixed to the 
microliter wells. Tlie wells were maintained for at least 30 minutes at 20C. the wells 
emptied by shaking and blotted dry to form a solid support, i.e.. a solid matrix to which 
the goat antibodies were operatively attached. 

Leaves from each of the transformants were homogenized in a mortar and pestle 
after removing the midvein. One-fourth volume of5x TBS (750 mM NaCI and 100 mM 
Tris-Cl at pH 8.0) was admixed to the homogenized transfonnant leaves. Two-fold 
serial dilutions of the homogenate were made in TBS (150 mM NaCI and 20 mM Tris-Cl 
at pH 8.0). 50 ul of the t>vo-fold serial dilutions were added to each separate microliter 
well and the wells mai.itained for 1 8 hours at 4C to permit the formation of solid-phase 
immunoreaction products. The wells were then washed with room temperature distilled 
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water. 50 ul ofa 1 : 1000 diluiion of cither goal anii-mousc heavy chain or goat anti- 
mouse light chain specific antibody conjugated to horse radish peroxidase (HRPO) 
(Fisher Scientific, Pittsburgh, PA) in TBS was admixed lo each of the microliter wells. 
The wells were maintained for 2 hours at 37C followed by detection according lo the 
5 manufacturer's instructions. Control microliter wells were produced in a similar fashion 

and contained extracts from plants transformed with the vector alone and did not express 
any detectable immunoglobulin products. 

Tlie immunoglobulin content of each plantlel wa^ determined at least twice and 
the values shown in Table 3 are given as mean values. At least 9 plantlets from each 
10 population of plantlets were assayed in this manner. The plantlets expressing cither 

immunoglobulin heavy chain or immunoglobulin light chain were now shown to be 
transformed with the immunoglobulin genes and are thus termed transfomianls or 
transgenic plants. 

15 Tabk 3 

Expression of Immunoglobulin Gamma and Kappa Chains in Tobacco' 

Gamma-NT^- Gamma-L 
30+16 1412+270 
20 . (60) (2400) 

Kappa-Nl, Kappa-L 
1.4±1.2 56±5 
(3.5) (80) 



25 



* Values are expressed in ng/mg total protein (mean + S.D.). 

^ L indicates a leader or signal sequence is present; NL indicates a leader or 

signal sequence is absent. 
30 Tlie results presented in Table 3 demonstrate the importance ofa signal 

seqMence for the accumulation of the individual immunoglobulin chains. Kappa chain 
accumulation was 40-fo]d greater (on average) when the signal sequence was present in 
the cDNA construct; Gamma chain accumulation was 47-fold greater. 
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Example S 

Prodncinp a Pom.l.itmn ^r Proocnv Fy pr^cci^p rt^„, 
rmmunoplphulin Hr^vvanrf Im„,,. no„rnh..l.n F rf.,:^ 
Transfonnants produced according to Example 4 expressing individual 
immunoglobulin chains were sexually crossed to produce progeny expressing both 
chams. Briefly, the hybrid progeny were produced by was to emasculating imn,a,urc 
flowers by removing the anthers from one .ransfom:ant expressing one in,munoglob.li 
Cham to produce a female transfoniiant. The female transfo.-mant is then cross- 
pollmated from the other transforr ant (male) expressing the other immunoglobulin 
Cham. After cross-pollination, the female transformant was maintained under normal 
growmg conditions until hybrid seeds were produced. The hybrid seeds were then 
germmated and grown to produce hj-brid progeny containing both the immunoglobulin 
heavy chain and the immunoglobulin light chain. 

Tl,e leaves were homogenized and the homogenate assayed for immunoglobulin 
heavy chain or light chain expression using the ELISA assay described in Example 4 
(see Table 4). The number of hybrid progeny expressing immunoglobulin heavy cltain 
or .mmunoglobulin light chains is shown in Table 5. The hybrid progenv produced from 
the cross of the transfonnants expressing the kappa leader construct and the gamma 
leader construct contained assembled Immunoglobulin molecules containing both 
gamma heavy chains and kappa light chains. 

Table 4 

Expression of Immunoglobulin Gamma and Kappa Chains in Hybrid Progeny' 

Gamma-L* Gamma-NL' 

^''PP'^-^r) fK3nn;.-N^.^ 

3330±20O0 32i26 

(12800) (60) 

^PP^'i^ Kappa-NL 

(Qfirnm-l,) fGamma.hft^ 

3700±2300 6.50,5 

(12800) f20) 
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' Values are expressed in nc/mg total prolcin (mean + S.D.). 
^ L indicaies a leader or signal sequence is present 
' NL indicates a leader or signal sequence is absent 



Table 3 

Expression and Assembly of Immunoglobulin 
Gamma and Kappa Chains in Hybrid Progeny 



Gamma 
only 



Kappa 
only 



Gamma 
Kaona 



null 



Kappa-NL X 
Gamma-NL 



(0% assembly) 



Kappa-L X 
Gamma-L 



10 



li 



(95116^0 assembly) 



The results presented in Tables 4 & 5 demonstrate the importance of assembly of the nvo 
immunoglobulin chains. Compared to the parental transformants. the progeny that express both 
immunoglobulin chains together accumulate for more of each chain. On average, gamma chain 
showed a 2.5-foId increase in accumulation and kappa chain a 66-fold increase. 

Compared to the transformants expressing cDNAs without leader sequences, the increased 
accumulation as a result of both the leader sequence and dual expression resulting from the sexual 
cross was surprisingly large. Ga.nma chains increased by 1 1 0-fold and kappa chains by 2,600-fold. 

Example 6 

ngfgctinn nf Immimoglohiilin Heaw rhain-codin!7 Genes and 
Imfnunogrlohulin L\ < ^ht Chnin-C odin? Genes in the Transs^enic Pl^nt§ 
The presence of immunoglobulin heavy chain-coding genes or immunoglobulin light chain- 
coding chains in the transgenic plants and hybrid progeny was demonstrated by analyzing DNA 
extracted from the transgenic plants using the Southern blot procedure described in Mania: is ct ah. 
Molecular ClonincT- A Laboratory Manila! . Cold Spring Harbor Laborator>' (1982). Briefly, DNA 
was extracted from I g of mature leaf tissue har%'ested from either the heavy chain gene 
transformants, the light chain gene transformants or the hybrid progeny after freezing the leaf 
segments in liquid nitrogen. The frozen leaf segments were homogenized in urea mix (420 g/L 
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urea 3 .2.5 „.M NoC, 50 TnVC. at pH S.O, 20 ..M EDTA and , o/. sarcos.nc) u-i.h a .nonar and 
pesilc according ,o tJ,c procedures described by Shurc. ct al.. Q^, 25: 225-233 (1 986) The loaf 
homogenatc was extracted wi.h phenohCHC, (1:1 v/v) and .he nucleic acids were precipitated bv 
add.ns 1/6 voiu,„e of 4.4 M a.moniun. occ.a.e at pH 5.2 and one volu.ne of isopropy. alcohol and 
then mamtamins the resulting solution at -20C for 30 minutes. The solution containing the 
precipitated nucleic acid was centrifuged for 15 minutes at 7500 x g a. 4C to collect .he" prec.pi.ated 
nucleic acid. Tl,e nucleic acid pellet was resuspended in a IE solu.ion containing .0 mM Tris-CI at 
PH 7.6 and I EDTA. The concentration of DNA in the resulting solution was detcnnined by 
spectrophotometry. 

DNA was prepared from each of the tr.nsfon.an.s using the above n^ethods and 20 of 
transformant DNA was digested with the restriction endonuclcase Hind 1,1 under conditions ^ 
recommended by the manufacturer.- Stratagene Cloning Systems. La Jolla. CA. The rcsuhin.^ 
restncfon cndonuclease fragments were size fractionated on an agarose uel and blot.ed .o ^ 
mtrocellulosc using .he methods described in Maniatis e. al.. M d^ti^nin.: . T .K.....^. 
M^, Cold Spring Harbor Laboratory (,9S2). BrieHy. after the DNA had been size fractionated 
bv electrophoresis through an agarose gel, the DNA was stained ethidium bromide and a photograph 
of the gel produced. TT,e gel containing the DNA was placed in a solution containing , 5 M NaCI 
and 0.5 M NaOH for one hour at room temperature with constant gentle stirring. The eel was then 
placed .n a solution containing , M Tris-Cl at pH 8.0 and 1-5 M NaCl for one hour at room 
temperature with constant gentle, stirring. The pH of the gel was periodically checked bv removing 
a small piece of the eel and determining its pH in a small volume of distilled H,0. When the ne| 
had reached a pH of appro.ximatc.y S.O the gel was placed upon a thick wick soaked with a sohuion 
conta»t.ng 87.65 g/L NaCl. ,3.S g/L NaH,PO.H,0 and 3.7 g/L EDTA at pH 7.4 (lOX SSC) . 
P.cce of nitrocellulose fUter (Schleicher and Schuei, BA S5. Kecne. NH) that had been previouslv 
cut .o the same size as the gel and soaked in a solution containing lOX SSC was placed upon ,he eel 
and any intervening air bubbles removed. Two pieces of Whannan 3 MM paper, cut co exactly rl.; 
same size as the nitrocellulose filter were soaked in 2X SSC (2X SSC contains 1 7 53 o/l NaCl 76 
S/L NaH,PO.-H,0 and 0.74 g/L EDTA at pH 7.4) and placed on top of t.he nitrocellulose Hlter and 
any tntervening air bubbles removed. A stack of paper towels (5-5 centimeters hi.h) cue to a size 
just shghtly smaller than the Whatman 3 MM paper was placed on top of the U'ha^tman 3 MM 
paper. A glass plate was placed on top of the resulting stack and a 500 gram weieht placed on .op 
of .he plate. The resulting capillary action was allowed to proceed for 12 to 24 hours and this act.on 
transferred the DNA from the gel onto the nitrocellulose filter. The stack was disassembled and the 
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nitrocellulose filler soaked in 6X SSC (6X SSC is 52.59 g/L NaCI. S.2S g/L NaH,PO,-H,0 and 2.22 



dry Whatman 3 MM paper and allowed to air dr>'- The dried filter was placed between nvo sheeis 
of 3 MM paper and baked for 2 hours at 80C under vacuum lo operaiively link the DNA to the 



The baked filters were placed on the surface of a solution containing 0.9 M NaCI and 0.09 
M sodium citrate at pH 7.0 until they were thoroughly wetted from bcncalli. The filters were 
submerged in the same solution for 5 minutes. 

The filters were placed in a pre-hybridization solution containing 50% formamide, 0.9 M 
NaCI. 0.05 M NaPO, at pH 7.7, 0.005 M EDTA, 0.1% Ficoll, 0.1% BSA, 0.1% poly(vinyl 
pyrrolidone), 0.1% SDS and 100 /zg/ml denatured, salmon sperm DNA. The filters were maintained 
in tlie pre-hybridization solution for 12 to 1 S hours at 42 "C with gentle mixing. Tlie filters were 
then removed from the pre-hybridization solution and placed in a hybridization solution consisting 
of pre-hybridization solution containing I x 10' cpm/ml of "P-labcled gamma chain probe (the 
entire gamma expression vector was labeled) and 1x10* cpm/ml of *-P-!abcIcd kappa chain probe 
(the entire expression kappa vector was labeled. The filters were maintained in the hybridization 
solution for 12 to 24 hours at 42C with gentle mixing. After the hybridization was complete the 
hybridization solution was discarded and the filters washed 4 times for 10 minutes per wash in a 
large volume of a solution containing 0.3 M NaCI. 0.03 M sodium citrate at pH 7.0 and 0.1% SDS at 
room temperature. The filters were then washed rvvicc for 1 .5 hours in a solution containing 0.1 5 M 
NaCI, 0.015 M sodium citrate at pH 7.0, and 0.1% SDS at 65C. The filters were further washed by 
transferring them to a solution containing 0.2x SSC (0.03 M NaCI and 0.003 M sodium citrate at pH 
7.0) and 0.1% SDS at 42C for 1 hour with gentle agitation. The filters were removed from the 
washing solution and air dried on a sheet of Whatman 3 MM paper at room temperature. The filters 
were then taped to sheets of 3 MM paper and wrapped with plastic wrap and used lo expose X-ray 
film (Kodak XR or equivalent) at -70C with an inicnsifv ing screen to produce an auioradiogram. 
The film was developed according to manufacturers' directions. 

The resulting autoradiocram (not shown) may be described as follows. A Soutliem blot of 
transgenic leaf DNA was prepared which demonstrated the incorporation of both kappa and gamma 
genes into the transgenic plant's genome. DNA from a transformant expressing a light chain cDNA 
without a leader sequence (pHilOl) was appi-ed to Lane 1. Lane 2 contained DNA from a cDNA 
transformant expressing the heavy chain cDNA with no leader (pHi20l). Lane 3 contained DNA 
from a transformant expressing the full length light chain cDNA with a leader (pHil 02). Lane 4 



g/L EDTA at pH 7.4) at room temperature for five minutes. The filter was placed upon a piece of 
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nitrocellulose filter. 
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c.m,i„od DNA f„,„ . ,„,„ro™o„, c.p,=„i„s U„ hcovy ,Hni„ cDNA „i,„ » ,^„„ (p„,.,„„ 

™RNA ,„ ,„„s6=nio pUm lof („„, ,tew„,. ,a„= , oomai„cd RNA from . K,„sf„™.« 
«pre„,„s . Mgh. chain cDNA without a leader (pHilO,, La„o 2 contained RNA r„„ a 

heav. Chain eDNA t.n.fo^an.. ,„dc <pHi20 , , Lane 3 contained RNA f,o„ a Zl^l 

:r ' - --^ 

c™,s bcttvccn plan, «p„s.ins fuil length jamnta cDNA and a plan, e.„, .„i„„ r„„ , ,k , 
CDNA CpHilo. . pHi.0,, - ^ »PPa 

M and <3.0 hp, Who.o.a, ,«A hattds on the hlot. as d=,cc;cd n.e,h.^^^ 

Example 7 

PtlWlion Of mRNA r^i-f p„ . |mn„,.,„„i„(„ |||r 
H^a^■v And t.i.h. f-h.i„. T., - p,, Tr.-.^f^ j. p ||,„,- 

chain "T"" "">-y or in,.„„„og,„h,„in liah, 

=^.ac.cd f,o„ the transgenic plants using procedures sitnilar those descrihed hv Molecular 
Cbn,ng A Lahorato,^ Manual. ^. Briefly. RNA »as ex,r„tcd fro™ I g .,„ature leaf ,i„„c 
han-ested fro„ either the heavy chain gene transfonnants. the light chain gene t-nsromtants ^e 

-.n,a,„,„, 10 .1 of 0.1 M Tris-C, at p„ .„ and pheno, saturated with this huffcr The Icf issue 
was ,„n,edia.ely ho,noge„i„d in ,„e solution us.n, a Po,,ron l.o.noge„.„r a, high spe^d f^ 

Tc^^ t pTsTafd"- T 'r™ "--'"^ 

PH 5.2 and 2. m, of .sopropanol. This solution was maintained a, .20C for --O minutes ,o 

aT / " ^' "^'^ '"-P"<'e<' - «0 of DEPCH O 

and transferred to a 1.5 „, Eppcndorf tuhe. T.is solution .as cen.rifu,ed ,n an ..ppendorf 

„1 of 3 M sodtum acetate a. pH 5.2 and I ml of absolute ethano, adm:,,ed to ,t This 
solufon was maintained .,o-C for 20 minutes and then centnfuged for S mtnu.es in an eppendorf 
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microfugc. The resulting RNA pellet was resuspcnded in 400 Atl orDEPC-H>0 and a small aliquot 
removed lo determine the RNA concentration by absorbancc at 260 nni. The rcwiuindcr of the 
solution was frozen at -70**C until used. 

The RNA prepared above was size frnciionated on denaturing fomiaJdehydc agarose gels 
and transferred lo nylon membrane. Tl)c procedures used were similar to the procedures described 
in Molecular Cloning: A Laboratory ManunL Maniatis ct al., eds.. Cold Spring Harbor 
Laboratories, Cold Spring Harbor, NY (19S2). Briefly, the denaturing formaldehyde agarose gel 
was prepared by melting 1.4 g of agarose in 73.3 ml of DEPC-H;0 water and cooling this solution 
to 60C in a water bath. 1 0 ml of a buffer containing 50 mM NaH^PO^, 50 mM Na,HPO,. 50 mM 
sodium acetate and 10 mM EDTA was admixed to this solution. 16.66 ml of 37% formaldehyde 
was also admixed to the solution and the solution poured into a gel mold and allowed to solidify. 
Tlie denaturing formaldehyde agarose gel was now ready for use. 

A 20 ^^g aliquot of RNA prepared above was admixed to 1 5 ^il of formamide. 5 ^\ of 37% 
formaldehyde and 3 Atl of a buffer containing 50 mM NaHjPO^, 50 mM Na^HPO^. 50 mM sodium 
acetate and 10 mM EDTA. This solution was maintained at 55C for 15 minutes and then 
immediately placed on ice. One/tenth volume of a solution conuining 50% glycerol 1 mM EDTA 
0.4% bromophenol blue and 0.4% xylene cyanol was thoroughly admixed to this solution and the 
solution loaded onto the denaturing formaldehyde gel prepared above. Tlie gel was electrophorescd 
in a buffer containing 5 mM NaHjPO,, 5 mM Na;HP04, 5 mM sodium acetate and 1 mM EDTA for 
2 hours at room temperature. After the electrophoresis was complete the gel was soaked in several 
changes of water for 10 to 15 minutes. Tlie gel was then placed in a solution containing 0.1 M Tris- 
Cl at pH 7.5 for 45 minutes. The gel was then placed in a solution containing 3 M NaCI and 0.3 M 
sodium citrate at pH 7.0. The gel was then placed on a thick wick soaked with a solution containing 
1.5 M NaCI and 0. 15 M sodium citrate at pH 7.0. A sheet of nylon membrane (Hybond-N» 
Amersham Corporation, Arlington Heights, IL) that had been previously cut to the same size as the 
gel and soaked in a solution containing lO.x SSC was placed on the gel and any inter^'ening air 
bubbles removed. Two pieces of Whatman MM paper, cut to exactly the same size as the nylon 
membrane were soaked in 2x SSC (0.3 M NaCI and .03 M sodium citrate at pH 7.0) and placed on 
top of the nylon membrane and any inter\'ening air bubbles removed. A slack of paper towels (5-8 
cm high) cut to a size just slightly larger than the Whatman 3 MM paper was placed on the top of 
the Whatman 3 MM paper. A glass plate was placed on top of the resulting stack in a 500 g weight 
placed on top of the plate. The resulting capillar)' action was allowed to proceed for 12 to 24 hours 
and this action transferred the RNA from the gel to the nylon membrane. The stack was 
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disassembled and the nylon membrane soaked in 6x SSC (0.9 M NaCl and 0.09 M sodium eitra.e ai 
PH 7.0) at room tcn.pcrature for 5 minutes. The nylon membrane was then placed on a uUraviolet 
radiation box for 10 minutes to opcratively link Ihe RNA to tlie nylon membrane. 

RNA containing cither kappa light chain coding sequences or gamma heavy chain codin" 
sequences was detected by prehybridizing and hybridizing the nylon membrane using .he protoeli 
described in Example 6. (The results of the autoradiogram are illustrated in Figure 4 of U .S. Paien, 
No. 5.202.422.) The hybridizing RN.A species detected in RMA from transfonttanis expression 
either the kappa light chain cDNA without a leader sequence (Lane 1) or with its n.n.ive leader 
sequence (Lane 3) are shown. Tl,e hybridizing RNA species detected in RNA from transformants 
expressmg either the gamma heavy chain cDNA wi.hou, a leader sequence (Lane 2) or .ts native 
leader sequence (Lane 4) are shown. The hybridizing RNA species detected in hvbrid progeny 
contammg both kappa light chain with its native leader and gamma heavy chain with its native 
leader (Lane 5) are shown. 

Examples 

Petection Pflmmnnoglohulin Hr^vv And r ioht n ,^i„^ ,„ t),. Trpn.oen;. pinn^ . 
The expression of immunoglobulin heavy and light chains in the transgenic plants and 
hybrid progeny was demonstrated by Western blotting in vx hich both heavy and light chains were 
detected. Using the Western blot procedure described in Antihndi..- A i .Hnr.rnr.-M.r.„., 
Harlow & Lane. eds.. Cold Spring Harbor Laboratories, New York (1988). Briefly. 1 g of leaf 
segments mature plants were homogenized in a mortar and pestle with 1 ml of 0.05 M Tris-CI at pH 
7.5. and I mM phenylme.hylsuflonyl fluoride (PMSF) ul of th.-- resulting leaf e.vtract was admi.Ked 
to a solution with a final concentration of 4 M urea and 1% SDS with or without ^ mM D T as 
indicated and the solution boiled for 3 minutes. After boiling .his solution was electrophoresed 
through a 10% polyacr>.Iamide gel containing SDS (SDS-PAGE) as described in NH Chua 
Method, in Fn^vmol . 69: 434-446 (1980). Tl,e electrophoresed proteins were then transferred 

(affixed) to a sheet of nitrocellulose as described in An.ih.Hi.c- . , 

Lane, eds.. Cold Spring Harbor Laboratory. Cold Spring Harbor. New York (19SS). Briefly the 
nitrocellulose sheet was placed in a solution containing 20 mM Tris-Cl at pH 8.0. 1 50 mM NaCl and 
0.01% polyoxyethylene sorbitan monolaurate (Tween 20) (TBST) eontaininc 5% bovine serum 
albumin (BSA) and 0.5% non-fat dried milk. The nitrocellulose sheet was maintained in this 
solution for 6 hours at 4C. The nitrocellulose was then placed in a solution containing a 1:500 
dilution of a biotinylated goat anti-mouse whole IgG antibody (Cappel. Malver^^ PA) in TBST and 
the solution containing the nitrocellulose sheet maintained at 4C for 24 hours. During this time, the 
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immunoglobulin heavy chains and ihe immunoglobulin light chains immobilized on the 
nitrocellulose sheet immunoreaclcd with the biotinylatcd goat anti-mouse whole IgG antibody to 
form a immunoreaction product on the nitrocellulose sheet. Tlie nitrocellulose sheet was removed 
from this solution and washed with TBST solution and then placed in a TEST solution containing 
streptavidin-conjugalcd alkaline phosphatase (Fisher Scientific, Pittsburgh, PA). TTiis solution was 
maintained for 1 hour at 25C. The nitrocellulose sheet was removed from this solution and washed 
with TBST. 

The immunoreaction product was visualized by maintaining the nitrocellulose sheet in a 
solution containing 100 mM Tris-Cl at pH 9.5, 100 mM NaCI, 5 mM MgCI,, 0.3 mg/ml of nitro 
blue tetrazoHum (NET) and 150/ig/ml 5-bromyl-4-chloryI-3-indoIyl phosphate (BCIP) for 30 
minutes at room temperature. The residual color development solution was rinsed from the filter 
with a solution containing 20 mM Tris-CI at pH 7.5 and 150 mM NaCl. The filter v^-as then placed 
in a stop solution consisting 1 mM EDTA, pHS. The development of an intense purple color 
indicated the location of the immunoreaction products. 

Expression of immunoglobulin heavy chain in the heavy chain trans formants, 
immunoglobulin light chain in the light chain transformants and both immunoglobulin heavy and 
light chains in the hybrid progeny was demonstrated using the Western blot (not shown here; but see 
Fig. 5 of U.S. Patent No. 5,202,422). In addition, the immunoglobulin heavy and light chains 
produced in the hybrid progeny were assembled into immunoglobulin molecules as evidenced by 
the high molecular weight immunoreactive gamma and kappa chain seen under non-reducing 
conditions (not shown). 

Tlie description of the aforementioned Western blot is as follows. A Western blot of leaf 
proteins was prepared using samples from transgenic tobacco plants expressing immunoglobulin 
kappa chains, immunoglobulin gamma chains, or assembled immunoglobulin IgG. In Lanes 1-7 the 
leaf protein extracts contained dithiothrcitol (DTT) and in Lanes 8 and 9 the leaf protein extracts did 
not contain DTT. Lane 1 contained 100 ng of purified antibody from the 6D4 hybridoma. Lane 2 
contained 15 ug of wild type plant extract protein. Lane 3 contained 15 ug of protein from a plant 
transformed with truncated kappa chain cDNA (pHilOl) containing no leader sequence. Lane 4 
contained 15 ug of plant extract from a plant iransformed with truncated gamma chain cDNA 
(pHil02). Lane 5 contained 15 ug of plant extract from a full length kappa cDNA transformant 
(pHil02). Lane 6 contained 15 ug of plant extract from a full length gamma chain cDNA 
transformant (pHi202). Lane 7 contained 15 ug of plant extract from an Fl plant derived from a 
cross between kappa and gamma transformants. Lane 8 contained 100 ng of 6D4 antibody (no 
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on U,e left „fc„d lo Ihc posillons of the 6D4 heavy =„d Ifsl.l chains. 

Example 9 

ImmiinofloMilin M.ilrt..ic^ Fvpr^^-M m ti,. t ^„,. ..^ 

Th. bindins of ,misc„ by ,hc i„„„„„sl.buN„ „,o,ccu,.s =.p„„,d in „„ p,„„ 
d™,.d usi„s ,„ EUSA „„y ,i„i,„ ,„ HUSA as„y dcscHb.d i„ E....p,. 4. Thi,' 
» ..c„ b,„d,n, EUSA ossay „,din.d in ,h. r.,„„i„, „,.„„„, 

h. w.„. and „„ b,„d.n. of ,he i„„„„o„obuh-„ „o,ec„,« p„„.„ i„ „„ 
-.ns soa. an„.„„„.c heavy chain c„„j„ga,cd ,„ HRPO a, described in E.a„p,e 4 

Ti,c ,„,n.o„„,e,„b„,i„ noleeuies expressed in ,he .ransn.nic plant diredv bonnd ftei, 
s^=,f. an,„en, P3 in ,„is a»,i,e„ bindin, HUSA assay. To de»ons.ra,c u,e spiciHci. of „„s 

Ts" ,rr:: -f---- ^.-^ 

J s„.„a, ,o .he .„„se„ binding EUSA assay described above e.cep, ,ha, before ,be serial ' 
d u.,o„s Of leaf h„„o,cna,=, i .1 of a 500 .M solution of P3 ™s added . a daplica.e .veil ,o ac. as 
. c.pc,„or for antibody bindin, ,o P3.BSA adhered .o ,he „ie„t,.re .,11 >va,ls. The renainde- o 
*« compcuon ELISA assay was carried ou, according to Example 4 

antieen I^' ^P^clHc 
».«.n. P.. wa, spccfically inhibited by free antigen in this competition EUSA assay. 

Example 10 

CataK^jc .V,i..„v ,^n„,n„.l„...,,. p-r r- eW i„ T,,n....„:. ..^r - 
The catalytic activity of immonoglobolin ntolecules expressed in transtt.oic plants was 

rr„r — .o^-c. p,.„,s expressing the 

funcuona, ,„m„„og,ob„l,„ and assaying the poriHed in,m„„oglobnlin .noleco.e to measure 
catalytic activit>'. 

medtod T''' "r "«"«-'e^ produced using the 

medtod and procedures described in E..amples I. 3. 3. 4. 5, 6 and a. The .D4 im.uno.lobul „ 
m. ecu,. „.as selected for expr^sion i„ p,a„ts because a nomtally glycosylated 6D4 an'tibodv 
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Tlic 6D4 immunoglobulin was purified from the Icnves of a tobacco plant expressing ihc 
immunoglobulin by 5cphacr>'l fraclionalion and absorption to Protein A-Scpharose. Briefly, 
midveins were removed from 10 grams (g) of young leaves which were then homogenized by hand 
in 50 ml of a homogenaiion buffer containing 50 mM of Tris-Hcl at pH 8.0 and I niM PMSF. Tlie 
resulting homogenate was ccntrifugcd at 10,000 xg and the resulting supernatant concentrated to a 
final volume of 10 ml using a Ccniricon 30 (Amicon, Danvers. MA). The concentrated homogenate 
was then loaded onto a previously prepared sephacr>'i S-300 column. Tlie column was elutcd with 
0.1 M sodium acetate at pH 5.0 and 1 ml fractions of eluate collected. The amount of 
immunoglobulin present in each of the collected fractions was determined using the ELISA assay 
described in Example 4. 

The fractions containing the majority of the elutcd immunoglobulin were pooled and 
extensively dialyzed against a binding buffer containing 1.5 M glycine at pH 8.9 and 3.0 M NaCl. 
After dialysis, the immunoglobulin was slowly passed twice over a column containing 2 g of protein 
A-Sepharose (Pharmacia, Piscataway, NJ) to allow the immunoglobulin to bind to the column. Tlie 
protein A-SEPHAROSE was washed with 20 ml of binding buffer. The bound immunoglobulin was 
eluted with 10 ml of elution buffer containing 0,1 M citrate at pH 6.0. The eluate was concentrated 
to 50 ug of immunoglobulin per ml using a Centricon 30. The concentrated immunoglobuHn was 
then dialyzcd against a 50 mM phosphate buffer at pH 8.0. The final conccntraiion of 
immunoglobulin present in the resulting solution was determined using an ELISA assay described 
in Example 8. 

The amino acid sequence of the resulting 6D4 immunoglobulin was determined using the 
methods described by Matsudaira, P., T R ol- Chem. . 262: 10035-10038 (1987). Briefly, the gamma 
heavy chain and kappa light chain of the 6D4 immunoglobulin were separated using sodium 
dodecyl sulfate-polyacr>'lamidc gel electrophoresis (SDS-PAGE) by loading approximately 1 ug of 
6D4 immunoglobulin onto a 10% polyacrylamide cel. The immunoglobulin was electrophoresed 
until the gamma heavy chain and Kappa light chain were separated. The separated gamma heavy 
chain and kappa light chain were then blotted onto a polyvinylidene difluoride membranes as 
described by Matsudaira, P., T Biol. Chem. . 262: 1 0035- 1 0038 ( 1 987) and the amino acid sequence 
determined. 

N-fouse derived 6D4 monoclonal antibody was purified from mouse ascites using the same 
procedure as that used to purify the antibody from plant leaves. Briefly, the mouse derived ascites 
fluid containing the 6D4 monoclonal antibody was fractionated on a Sephacryl (S-300) column and 
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nnal co„ce„,„„o„ of 500 u^„„ i„ = 0. 1 „ pH 6.0 buffer c,n,.,„i„j 

-n,. p„„, d„iv.d and „„„sc derived 6D. amibodies ™r. essayed for e„=,„ie aeU,,^. by 

.»c„b,.,ns .i.e pwri/led anybodies w„b . s„bs,r»,e i„ ,„e presenee of absence of a spce.fie inbiLr 
as prev,ous,y described b,Tra„.nunoe,a,„Sd^a^„.: ,5«.,«n.9.6, BrieHv 
.ppr.xin,.,e,y ,00 nM of mouse derived 6D. a„„body or plan, derived 6D4 an.ibody'^vas 

ZTT"'" " " " ' were 

Tm = subs,ra,e concen.ra.ion ra„.i„, fro„ , ,„ 

mM. The reacuon .d„i«.„es were „,ain,aioed for , bo„r a. .5-C and ,He hvdrCysis oHb. es J 
subslrale measured on a Heivleu-Pactard J „j XS'sonne ester 

,H.„ ,■ , 'P«"<>Pl»>on.e.er by n,onilorins Uie 

adsorpuon eban,. „a™ („„, yu. .a.i,„u. adsorption Can^e .as measured by 
dd.ns a „on.spee.f,e esterase (Si,n.a. s. Uuis. MO, ,o a eontro, reaction ad^i.ture. T„e .inetic 
p™ .ere obtained after subtraction of bac.^„„d bydroiysis. usin, tbc Linceavcr-BuH^ 

jre detenntned by p,„„„, ,be slopes obuined witb both ,00 nM and 300 nM phospbonate (Table 

TTe catalytic activity of «,e purified plan, derived and mouse derived 6D4 antibodies as 

a~ 1^"' " '•" ™" ^' — ^"'ved «rM 

anttbodtes differed by less than one order of magnitude. 



^max 



'cat 



Tabfe . 
Catalytic AciiWcy of 604**. 

Accite. 

''^^>^^0-M 9.SXI0-M 
0.057 X lO 'Msec ' 
0.47 X lO^M 
(competitive) 
0.008 $ec'> 



0-31x1 0 " M sec * 
1.06 X JO**M 
(competitive) 
0.025 sec-' 



' This data was anaJ>'2ed using a linear rs 



gression. 
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Example 11 

Production of Immunoptohulin with Hctcroiogous Leader Sconcnce.s in Plant<; 

To determine the effects of a heterologous leader sequence on immunoglobulin assembly in 
plants, an immunoglobulin cDNA containing the signal and prc-sequcncc from the a-maiing factor 
of Saccharomyces cerevisiae in place of the native mouse leader sequences described in Example 1 
was prepared. The sequence of the a-mating factor of Saccharomyccs ccrevisiae has been described 
by kurzan ei al.. Cell 30 : 933-943 (1982) and is described as follows. 

Tlic sequence of the alpha-mating factor leader sequence was coupled lo a nucleotide 
sequence encoding either the gamma chain or the or kappa chain. The nucleotide sequence of the a 
mating factor is as follows: GAATTCATTCAAGAATAGrrCAAACAAGAAGATT 
ACAAACTATCAATTTCATAGArA ATATAAACGATTAAAAGA rSKnTHTsJO Q^ The 
underlined symbols represent the 5' untranslated nucleotides of the yeast prc-pro sequence. 

The translated amino acid residue sequence of the translated portion of the pre-pro sequence 
and the initial ponion of the anached kappa chain was as follows: 

MRFPSIFTAVLFAASSAL^^PVNTTTEDETAQIPAEAVIGYSDLEGDFDVAVLPFSKST^^ 
LFINTTIASIAAKEEGVSLDLKIWDVVL... (SEQ ID NO. 10). The translated amino acid residue 
sequence of the translated portion of the pre-pro sequence and the initial ponion of the attached 
gamma chain was as follows: MRFPSIFTAVLFAASSALAAPVNTTTEDETAQ 
IPAEAVIGYSDLEGDFDVAVLPFSNSThlNGLLFINTTIASIAAKEEGVSLDLKJl/EVEL... (SEQ 
ID NO. 1 1). The junction point between the pre-pro sequence and the kappa or gamma chain is 
denoted by a virgule ("/"); the four amino acid residues following the vircule represent the initial 
portion of the kappa and gamma chains, respectively. 

Briefly, the r'e pro sequence from the Saccharomyccs ccrevisiae a-maiing factor described 
by Kurzan ct al., Cei! 30 : 933-943 (1982) was subcloned inio M13mpl 8 by first isolating the Eco 
Rl to Hind III restriction endonucleasc fragment containing the a-maiing factor from p69A. This a- 
mating factor containing restriction cndonuclease fragment was then licaied to M13mpl8 vector 
DNA that had been previously digested with Eco Rl and Hind III restriction endonucleases. The 
accuracy of this cloning step was determined by restriction cndonuclease digestion of the resulting 
MI3 clones containing the a-mating factor DNA. 

Tlie 6D4 kappa and gamma chain vectors without endogenous mouse leader sequences 
prepared in Example 1, were digested with Hind III and the resuliing 5' phosphate croups removed. 
The a-mating factor vector was digested with Hind III restriction endonucleasc to produce a Hind 
III restriction endonucleasc fragment containing the a-maiing factor. The a-mating factor 
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containing res.ric.ion endonuclcasc fragmcn. was isolated using an c.ec.roclu.cr (BRL. Dcthe.da 

MD) after separation by agarose gel electrophoresis. 

The isolated a-mating factor containing restriction cndonucJeasc fragment was ligated to the 

H.nd III digested gamma and kappa vectors in separate ligation reactions. Oligonoclcotide-directed 
mutagenesis was used to remove U,e surplus nucleotides between the end of the a-matin. factor pre 
pro sequence and the Gin codon (gamma chain) or the Asp codon (.appa chain) to produce chimeriJ 
cDNAs. The accuracy of the oligonucleoUde-directed mutagenesis was confirmed by DNA 
sequencing. 

TI>e chimeric cDNA's conuining the a-mating factor pre-pro sequence and either the 
gamma or kappa immunoglobulin coding sequence were inserted into the PMOK530 vector 
descnbed by Rogers et al.. M^iL^nz^. 153: 253 (1 9S7, Brieny. the chimeric cDNAs were 

c : : ri: : " " -^-^^ 

sere .ntroduced tnto E. coli using the bacterial strain and methods of Bethesda Research 
Laboratories (Bethesda. MD). Individual plasmids (recombinant pMON530 containing the chimcnc 
cDNA) .ere analyzed by restriction endonuclease digestion and sequencing. 

The resulting chimeric gamma and kappa cDNA expression vectors were used to transfom, 
leaf d.scs as described by Horsch et al.. 227: 1229-123 . (.985) and i„ Example 4 

Indrvdual plants expressing the gamma chain and individual regenerated plants expressing 
he kappa chain were selected. After confinning that the regenerates expressed either eamma or 
•cappa Cham using the ELISA described in Example 4. the individual regenerates were^sexually 
cussed to produce a gamma X kappa progeny. These progeny were screen for antibody production 
usmg the ELISA assay described in Example 4. 

crossed ^T^^^ ''''' ^''^ ^ '^^^^ ^'^'^'^ -re 

crossed w.th plants express.ng the native 6D4 antibody contain:ng the endocenous mouse leader 

pepnde to produce progeny containing the native gamma chain and the kappa.... or pro.env 
contammg the gamma„.. and the native kappa chain. These progeny were also screened us'ing the 
EUSA assay described in Example 4. 

Tl« level of antibody expression in each of these progeny was determined using the ELISA 
assay described in Example 4 and the results are reported in Table 7. 
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Table 7 

Accuniulation ofGamma or Kappa Cliains 
and Antigen Binding of Gamma/Kappa Complexes. 



camma mat' 

743±260 

(1030)* 



kappa mat 

48i:8 

(72) 



gamma mat fkanna matV 

2410±1230 

(7700) 



kanna mar (gamma mat'^ 

2280±!300 

(7700) 



gamma mat (kanna mouse! 

2615±1505 

(8300) 



kapna mat (gamma monse'1 

2490^1175 

(S300) 



gamma mat (kanna NL! kappa mat (gamma NL) 

705=b300 38±8 
(0) (0) 



• Values are expressed in ng/'mg total protein (mean ±S.E.) where purified 6D4 antibody 
from mouse ascites was used as the ELISA standard. Numbers in parenthesis are highest levels of 
expression. **NL** identifies leaderJess/signalless sequences. 

" a(K) refers to the abundance of a chain in a plant which also expresses K chain and vice 
versa (i.e. progeny of sexual cross) as measured by ELISA. In these cases, values in parentheses arc 
the result of antibody binding to ELISA plates coated with the phosphonace antigen (P3) (previously 
described bv Tramontano et al.. Proc. N'atl. Acad. Sci.. USA . 83: 6736-6740 (1986)) conjugated to 
BSA Hiatt et al., Nature . 342: 76-78 (1989). Onl^' plants expressing the highest levels of K 
complex were used in the antigen binding assays. 



The individual gamma and kappa chains containing the Saccharom vces cereviseae leader 
sequence accumulated at nearly the same levels as constructs expressing the native mouse leader 
that were previously reported in Hian et al., Nature . 342: 76-78 (1989). In addition, functional 
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..nfbody wns produced by crossing ci.hcr gamn. ond .appa chains containing .„c sa.c siena, 
(.a..a„.. X .appa„., or dirfercn. signals (.app^.. X gan,.a.„.„: .appa„..,.. X ga..na..,;-n,is i, 
.0 contrast .o crosses orp.an. in w.,.ch one parent expressed a i.n..nog,obu,in .i.o. a leader did 
ot resu,. .„ production of funciona, antibody .o.ecu.es as reported by Hiatt ct a... Umr,, 342: 76- 

The ndelio. of processing of the mouse immunoglobulin N-.ermini by the plant 
cndomembrane system was determined by automated sequence analysis as described by P. 



T — V UtiiC 

r„.„c s.„,„, ,„„,.„.„ ern..,,;, M„„.„.;;::;;;;:r 

sequence of Uppa cb.,„ „p„„i„, „„„ 
«Ppropnale proicojytic processing of the kappa chain. 

Example 12 

qivco,svMtjor: of Phnt neriv.rf T .^| ,„,;„ m»W..| . ^ 

To deter^nine the gamma chain g.ycosy.ation paner. of the plant derived immuno^lobulir. 
the punned ant.body was blotted onto nKrocellulose and probed with biotinvlated lectins a's ' 
described by Faye e. al., A,,L£i^. ^..^.^ 3^.^^^,^ the'nitroceHulose 

n^embranes were incubated in a solution of 50 mM Tris-C. 0.5 m NaCI. 0., mM CaCl, 0 1 mM 

and 0.1 mM MnC, (TIBS) containing I ...ml ofa bio.iny.a.cd lectin (Pierce. ;oc ^ IL) 
room temperature for one hour. The Hhers were then washed with TIBS and incublted in T^^ 
con.am.ng I ug.m. streptavidin-alkaline phosphatase (Sigma. St. Louis. MO) for , hour at room 

.perature. The bound al.aline phosphatase was visualized using bromo-ch.oro-indolv, phosphate 
as described by Hiatt et al.. tiaiSUl, 342: 76-78 (1989). ' 

In some cases, the purified antibody was incubated with .0 milliunits of endog.vcosidase H 
(Signal Chemical Co., St. Louis. MO) in 50 ul of 200 mM ' 

. ^. • "'^^OO mM sodium acetate at pH5.S for 2 hours at 

/ C prior to blotting to remove high mannose type sugars. 

The results (not shown) indicated that only Con^eanavalin A. specific for mannose and 
glucose bound to the plant-derived antibody whereas the mouse ascites-derived ant.bodv was 
recogntzed by Concanavalin A as well as the lectins from the Ekin....^. specHc for 
termmai galactose residues (N-acet>.|ga,actosamine). and to a lesser extent bv wheat genn 
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agglulinin ihai is specific for N-acciylclucosamine dimcrs having (crminal sialic acid residues. The 
specificity of ihe various Jeclins is discussed in Kijimoto-Ochiai ct al., Btochem. .!. . 25 7: 43-49 
(1989). The lectins from Datiirn ammonium specific for N-acetylglycosaininc oligomers and N- 
acetyl Jactosaminc and the lectin from Phascnhis vulgaris that is specific for Gal DI. 4 GlcNac 01, 2 
mannose, did not bind to either the plant or mouse ascites derived gamma chain. 

The elution of the lectins from the nitrocellulose blots using a-methylglucosidc was used to 
compare the relative affinity of Concanavalin A binding to the plnnt-derivcd and mouse ascites 
derived antibodies as has been previously described by Johnston et ai., Bioch. Rionhv.*;. Res. 
Commun., 66: S43-S47 (1975). Using this assay, the plant-derived and mouse asciies-dcrived 
antibodies arc indistinguishable with regards to Concanavalin A affinity' as well as Uie quantity of 
Concanavalin A binding per microgram of gamma chain. 

Digestion ofcithcr the plant-derived or mouse asci:cs-dcrived antibodies with 
endoglycosidase H using the conditions described by Trimvie et al.. Anal. Biochem. . 141: 5 15-522 
(1984) was carried out and the antibodies then transferred to nitrocellulose. The antibodies digested 
with endoglycosidase H displayed no reduction in Concanavalin A binding under conditions where 
Concanavalin A binding to ovalbumin was diminished. 

Taken together these results indicate that the plant-derived immunoglobulin is processed 
through similar cellular companmenis as the mouse ascites-derived antibody. The gamma chain 
Concanavalin A binding and resistance of the clycan lo digestion by endoglycosidase H as well as 
the correct kappa chain N-tenminus indicate tliat the antibody is migrating from the endoplasmic 
reticulum to the Golgi and is being secreted through the plasma membrane as described by Walter et 
aL, Annu. Rev. Cell. Biol. . 2: 499-5 16 (1 986). 

The differential binding of several of ihc lectins to the plant-derived antibody indicates that 
the final glycosylaiion pattern of the plant-derived antibody and the mouse ascites-derived antibody 
are different. The plant-derived antibody did not bind to the lectins specific for terminal galactose 
and terminal sialic acid whereas the mouse ascites-derived antibody did. 

Example 13 

Retention of fmmuno>?lobulin M:ilecule5 Within the Plant Cell Wall 
The rate of secretion of immunoglobulins from plants protoplast that did not contain cell 
walls was compared to the rate of secretion of immunoglobulin from plant cells having intact cell 
walls. The preparation of protoplasts from plant cells has been described by Tricoli ct al., Plant Cell 
Report . 5: 334-337 (1986). Briefly, 1 cm- pieces of tobacco leaf are incubated for 1 8 hours in a 
mixture of cellulysin (Calbiochem), macerase (Calbiochem) and driselase (Sigma) to digest cell 
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for 2 minutes) in 0.4 m Mannitol. ' 

The immunoglobulin produced by either protoplast or intact plant cells was labeled by 
rcsuspcnding 2 x ,0' protoplasts in 0.5 ml of a mannitol media con,a.„i„, ...d ,0 uCi mCi of^S 
n.eth.on.ne. The ceils were maintained in this labeling medit^m for 2 hours and an ali.uot of cells 
and med.um was removed to determine the incorporated of labeled methionine into the 6D4 
annbody. amount of.abe.ed 6D4 antibody in the incubation media was de.ennined bv adhcr.n^ 

e ^.unogiobulm contained in the medium to a pro.e.VA Sepharose column and determining th^: 
^ d.oact,ve counts adhering to the column. T1.e amount of labeled methionine incorporate in 

1, a ^'^^•-'"'-"••"^ ''^^ 2 as previously described by Hiau et 

body eu. out and .e labeled antibody eluded from the gel. The total amount ofLe.ed 
-.body present was then determined. In addition, the same measurements was made after a fur^er 
ma.„tenance of 2 hours in the presence of 100 mM methionine. 

The callus cel, lines were initiated over a period of 8 weeks by incubating leaf segments in 
.he appropriate gro.vxh hormones as has been previously described bv Hiatt et al IBMihem 
261: 1-793.1200 /7o«/;^ -ru i- ' " ' ^ ^"^'^.^ 

^ 1.9 1298 (,98S). T*='.qu,d suspension. o=n,in.,>vcr.U,.ni„i,io,cdf„„c,„™p, of,,,. 
«,ls ,„d „sed fo, incon.or3Uo„ of "S..c,hio„i„= ,s described above 

°f >~l.vsis are shown in Table S. After a 2 hour ,ab.,i„, period a 

r..nean, .f ,v„„esi.ed an.ibod. was sece.ed .o. ,be p,„.«p,as.. After L^e' 

Of 2 W «,b ,00 „M „e*io„ino, „os, of ,.e ,o.a, ,.be,ed .n.ibod.v .as see.e.ed ,be 
pro»p,as, ,„„ ,h. „ediu™ indicating ,ba, secre„„„ of U:e an.ibodv had occ„,„d^ ,„ eon.„s, 

the antibody within the cell wall. 

Table « 

Into fin4 fit 7 p^..r^ ^M^Hf..,^/f ■l[.^ 
PROTOPLASTS PROTEIN A 0.33 

SDS-PAGE 0 3 1 
CALLUS SUSPENSION CELLS PROTEIN A 0.39 

H 

SDS-PAGE 0.25 
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INCORPORATfON INTO 6D4 AFTER 7 HOUR CHASE 
PROTOPLASTS PROTEIN A 6.60 

SDS-PAGE 6.31 
CALLUS SUSPENSION CELLS PROTEIN A 2,77 

SDS-PAGE 2.14 



Example 14 

Production Of A Secretory IgA In A Plan! Cell 
A. Isoiation of Messenger RNA Coding for Pathocen Specific Variable Regions 

A secretory IgA immunospccific for a preselected aniigen is produced in plant cells by first 
isolating the variable region coding genes from a preselected hybridoma. Messenger RNA is 
prepared according to tlic methods described by Chomczynski ci al., Ann!. Biochem. . 162: J 56- 1 59 
(19S7) using the manufacturers instructions and the RNA isolation kit produced by Straiagcne (La 
Jolla. CA). Briefly, approximately I x 10' cells are homogenized in 10 ml of a denaturing solution 
containing 4.0 M guanine isolhiocyanate, 0.25 M sodium citrate at pH 7.0. and 0.1 M 2- 
mercaptoethanol using a glass homogenizer. One ml of sodium acetate at a concentration of 2 M at 
pH 4.0 is admixed with the homogenized cells. One ml of water-saturated phenol is admixed to the 
denaturing solution containing the homogenized cells. Two ml of a chloroform: isoamyl alcohol 
(24:1 v/v) mixture is added to the homogenate. The homogenate is inixed vigorously for 10 seconds 
and is maintained on ice for 15 minutes. The homogenate is then transferred to a ihick-walled 50 ml 
polypropylene centrifuge 2 (Fisher Scientific Company, Pinsburgh, PA). The solution is 
ccntrifuged at 10,000 x g for 20 minutes at AC the upper RNA-contaiiiinc aqueous layer is 
transferred to a fresh 50 ml polypropylene centrifuge 2 and is mixed with an equal volume of 
isopropyl alcohol. This solution is maintained at -20C for at least 1 hour to precipitate the RNA. 
The solution containing the precipitated RNA is centrifuccd at 10,000 x c for 20 minutes at 4C. The 
pelleted total cellular RNA is collected and is dissolved in 3 ml of the denaturing solution described 
above. 

Three ml of the isopropyl alcohol is added to the resuspended total cellular RNA and is 
vigorously mixed. This solution is maintained at-20C for at least 1 hour to precipitate the RNA. 
Tlie solution containing the precipitated RNA is centrifuged at 10,000 x g for 10 minutes at 4C. The 
pelleted RNA is washed once with a solution containing 75% ethanol. The pelleted RNA is dried 
under vacuum for 15 minutes and then is re-suspcnded in dimethyl pyrocarbonaie treated (DEPC- 
H20)H,0. 
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■n.c messenger RNA (mRNA) prepared above is enriched for ..n 

sod ^^^^^ ^^^^ ^ ^^^^ .J:,; 11 

tSDS) ,s added ,0 ,h. ^suspended RNA .„d ,he „i.x,„„ is »l,„„cd ,„ coo, ,„ ' 

T>.= .i..„ is ,Hc„ ,p„i.. o,i,.„,con,.o„.i,, Rcsea J' Z 7" 'TT""' 

•od 5 ,„M EDTA ,„d is ,„.„ i„ ^jp^.^ ^ ' »~"""> ">*<..,d= 

polypropylene ..be ,„d is ^applied „ "* " """"" » 

~.„Cla,p„,,3„o„Msodi„„eM„,^ 

oligo-dT column is then washed with ^ ml of i . . 

a.pH..Moo„Msod,„„.,..r;::;^^^^^^^^^^ 

RNAisco„ce„™e/.r i o ; n,=sse„se, 
70C u„,i, .sed. ' "E-C-H-O and s.ored . 

bod. .z::::zzTz "" "-"»^" ■^'-•'^ 

hybridona. -"■"-^ by .He 

.-.d:.~r::r::::r'''"^'^^^'-^^^ 

,„ . . - ''^ " P''""^'" ^•^'<^!ision reaction. Jn a rvDical ^-0 f 

M0lo„ey.M„T; LeZrC " ^ • " ^ — 

»l«.io„ and „ Tan-ipcase (36 units. S,ra,a.,e„e, is added ,o ,he 

solu.,on and U.e solu.,on is maintained for I hour at 37C. 
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PCR ampiificalion is performed in a 100 pi\ reaclion containing Ihc products of the reverse 
transcription reaction (approximately 5 A^g of the cDNA/RNA hybrid). 300 ng of ihc 3' V„ primer 
described by Orlandi el al., Proc. Nat). Acnd Sci., USA . 86: 3833-3937 ( !989). 300 ng each of the 
eij^hl 5' V„ primers also described by Orlandi et al,, supra . 200 mM of a mixture of dNTP's» 50 mM 
KCl. 10 mM Tris-HCI pH 8.3. 15 mM MgCU 0.1% gelatin and 2 units of Taq DNA polymerase. 
The reaclion mixture is overlaid with mineral oil and subjected to AO cycles of amplification. Each 
ampiificalion c^'cle involves a dcnaturation al 92C for I minute, annealing al 52C for 2 minutes and 
polynucleotide synthesis by primer extension (eloncaiion) at 72C for 1.5 minutes. The amplified 
V„-coding DNA homolog containing samples are extracted twice with phenol-chloroform, once 
with chloroform, ethanol precipitated and arc stored at -70C and 10 mM Tris-HCI (pH 7.5) and I 
mM EDTA. 

The light chain variable region is isolated in a similar fashion except that a 3* primer and 
a 5' V,^ primer specific for cither the lambda or kappa light chain was used. T\^c PCR amplificanon 
conditions were identical to those described for the heavy chain variable region isolation. 
C. rnsertion Of The Pathogen Snecific Heavv And T.ioht Chain Vnrtable RcLMon Imo A Plant 

Rxpresgion Vector 

The pathogen specific heavy and light chain variable regions arc isolated as 
described above ani are inserted into a plant expression vector containing the constant region of 
IgA. This vector is constructed using standard molecular biology techniques and is a derivative of 
pMON 530 that has both the immunociobulin signal sequence from the 6D4 antibody as described 
in Example I and the immunoglobulin alpha constant region isolated from MOPC 315 that has been 
fully sequenced and previously described by Auffray et al.. Gene, 13: 365-374 (1981). This vector 
also contains a polylinker region position berween the immunoglobulin signal sequence and the IgA 
constant region gene to allow the paihogen specific heavy chain variable region to be easily 
inserted- The restriction endonuclease sites present in the polylinker are compatible with the 
restriction endonuclease sites present in the PCR primers used to isolate the heavy chain variable 
region. The pathogen specific heavy chain variable region is inserted into the vector by cutting the 
vector with the appropriate restriction enzymes and also cuning the pathogen specific variable 
region with the appropriate restriction enzymes sites that are present in the PCR primers used to 
isolate the variable. Tlie pathogen specific variable region is then ligaied into the vector. 

This vector is then introduced into a plant using the methods described in Example 4. 
Plants containing the pathogen specific IgA heavy chain are identified and then crossed with plants 
containing the pathogen specific light chain. 
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Plants con.3i„i„E .„e pa.hoecn specific liglu chain variable rceion coupled .o .„ .„„oor 
MU c..i„ ..produce, usin. si.Har .ec.ni.ues as ... pa.o.e. specific He.: J: 17 
region containing pJants. * 

" " •■> P'»« P.".«Scn specific heavy „s,„ ,.„ 

plant 10 produce a pram containmg an assembled IfA. 

Plants containing the secreio^. c„„.pone„,"or„A arc produced ,y i„„„duei„, ,He ..ne 
odrn, for .he secretoo- component into a plant expression vector sue,, as ,l,e pMON 530 veU 
. « sco^nce on„e seereto, component has heen desc.ed Mostov e. aL. H^, 
(IM^). Thesecretot, cot„po„c„. ,.n. ,.„„ 

ppr.pr,a.esi,„a,se,„e„cosi,es.anda,d,„olec«,ar.io,o„.tech„„„es. 7.cr;sul,i„ ll, 
c jnen, contatnin, vector is used to transro™, plan, cells and produce plants contai,™ 
".pressing the secnstoiycomponeni. "'»>.- >nd 

Plants containing the J or joining chain oflgA immunoglohulin are produced bv inser,' 
. = oene coding for the , chain into a plant expression vector as dcscrihed see e ; " 

component, the light chain and heavy chain. chain gene has hecn se,ueneed hy Malt al , 
E^. : g3a..« (,,.5,. ,n addition, dte s.,ue„ce of »hcr ; chains is.vailah" n 

■ces. (I9t7), Th,s vector ,s used .o produce plants .,vpn,ssinc the J chain 

These J Chain ccpression plants are crossed with the plants expressing the secretory 
con ^nen, to oduce plants expressing hoth seeretoo. component and , chain. These p aL are 
*.^.ssed „„h the Plants e.xp„ssi„g the pathoge.speciHe Ig. an.ihody to produce pZ 
CH^sstng true secretory Ig. that is made up oftwo Ig. molecules, secretory component and ; 

Plants producing secretory IgA were produced accordin- to Example 1 1 Tk 
P.n. produced sect^tory Ig. .ha. .vas immunospeciHc for a Shigella to^n, ^^L^^Z 

s^retotCyi f !^ """"-^ '-'^ approximately , „„f 

..:rr:ri::::~^^^ 
-----^»-.^»-.cproduc:~::— 
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ofbacicria comaining Shigella loxin. Tlie adults inccsi approximately 1.2 x 1 0' colony- forming 
unils of the Shiiielln bncicria suspended in I ounce of walcr containing sodium bicarbonate. 
Approximately 15 minutes to VS hour later the adults ingested 10 to 100 grams more of plant 
containing tJie secretory IgA. 

The adults arc monitored for the presence of diarrhea for 1 to 2 days after ingesting the 
bacteria. Tlic occurrence of diarrhea is greatly reduced in the adults ingesting the plant containing 
the secretory IgA as compared to other adults who did not incest the secretory' IgA-containing plant 
but were subjected to the same bacterial challenge. 

Plants containing a secretory IgA immunospeciflc for Shigella toxin and Shigella-like toxin 
(SLTl) are prepared by isolating the heavy and light chain variable regions from the hybridoma 
13C2 (ATCC #CRL 1794). Tlic plants contain approximately 1 mg of anti-Shigclla antibody per 10 
to 100 grams of plant material. Plants containing the anti-Shigella antibody are isolated and 
homogenized and placed in an infant formula. 

Infants are given the equivalent of 6-600 mg of antibody present in the required amount of 
plant material daily in 3 or more doses as a supplement to their normal feeding. These infants are 
then followed to determine the incidence of Shigella disease in the infants after normal exposure to 
Shigella bacteria. Infants receiving the plant material containing the secretory IgA specific for 
Shigella toxin have a greatly reduced incidence of disease caused by Shigella when compared to 
infants exposed to the same amount of Shigella that did not receive the plant material containing the 
secretory IgA. 

Example 15 

Generation and Asseniblv of S ecretor\^ Antihodies 
Secretory imniunoglobulin A (SIcA) is the most abundant form of immunoglobulin 
(Ig) in mucosal secretions, where it forms pan of the first line of defense against infectious 
agents. The molecule exists mainly in the 1 1 S dimeric form, in which two monomeric IgA 
antibody units are associated with the small polypeptide joining (J) chain and with a fourth 
polypeptide, secretory component (SC). The ability to produce monoclonal SIgA is of 
substantial value. However, in mammals, two different cell types are required to produce 
SIgA; the synthesis is complicated because it requires plasma cells secrcung dimeric IgA 
(dlgA) as well as epithelial cells expressing the polymeric Ig receptor (pIgR). In contrast, in 
plants, only one cell is required for assembly of secretory*' molecules. Normally, pIgR on the 
epithelial basolateral surface binds dIcA, initiating a process of endoc^tosis, transcytosis, 
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phosphon-btion. proteolysis, and ultimate release of the SIgA complex a. ,hc apical surface 
.n.o the secretion (Mostov. .'spp. Rev, fmmnnol H: 63 (1994;). Thus, il is important to 
focus on the ability of transgenic plants to assemble secretory antibodies. 

We have also found that il is the heavy chain that "drives- the assembly process 
particularly with regard to assembly of secretory' immunoglobulins, and that Ca2 and Ca3 
are sufficient to allow dimerization of the molecule fdata not shown). Althouah many of the 
constn^cts described hereinbelow included heavy and light chain portions, it should be noted 
that mclusion of light chain sequences is not required. Thus, for e.xample. single-chain 
antibodies - and immunoglobulins containing more than one variable heavy re.ion - are 
useful as described herein. 

rrcpargtipn pf Vectprs for Frnrf-^^inn nf ^ AnfhnHi..: 

Genes encoding the heaw and light chains of a murine antibody (GuVs 1 3). a murine 
J Cham, and a rabbit SC were cloned into a binao' 35 S-NOS e.vpressioti cassene .caor 
either pMON 530 or pMON 530L. for subsequent transformation of separate transgenic 
tobacco plants as described below. 

Guy's 1 3 is a murine IgGl monoclonal antibody (tTO^^b) that recoanizes tl.e 1 85 kD 
streptococcal antigen (SA) I/II cell surface adhesion molecule of Srrcprococcus ,nu.a,r. and 
S. sobrinus (Smith and Lehner, Oral Mjcrnhiol Immnnol 1: 153 (1989)). S. mutans is the 
pnncipal cause of dental caries in humans and SA I/II mediates the initial attachment ofS. 
mulans to teeth. SA 1/11 belongs to a family of streptococcal adh.sins and GuVs 13 
recognizes a protein epitope that is conser^xd in all but one of the se^ot^•pes of the mutans 
group of streptococci. Guy's 13 also binds weakly to other oral streptococci. (See Ma et al 
Eur. .r. Imnnnnof ■>^ : 131-,3S (1994). Transgenic full-length Guy's 1 3 has been generated in 
A', tabacun, plants and was found to be correctly assembled (Ma, et al., M.). 

As previously determined, modification of the heaw chain by replacement of its Cy3 
domatn with Ca2 and Ca2 domains from an IgA-secreting hybridoma (MOPC 3 1 5) did not 
affect the assembly or function of the antibody (JgA-G) produced in transgenic plants (Ma. 
et al., IdJ. The same construct for encoding a hybrid IgA/IgG hea^y chain nenc was used in 
the preparation of expressed secretory immunoglobulin molecules as described herein 
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Tl\c cloning of Guy's 13 heavy and light chain genes was conducJcd essentially as 
described in Ma, et al., JcL Briefly, messenger RN A was purified fomi the Guy's 1 3 and a 
murine IgA (MOPC315) hybridoma cell line, using an acid guanidinium thiocyanaie- 
phenol-chloroform extraction (Chomczynski and Sacchi. Anal. Biochem. 162: 156 (1987)). 
Complementary DNA was made using Moloney murine leukemia virus reverse transcriptase 
(Promega, UK). 

DNA encoding the gamma and kappa chains of Guy's 13 were amplified by 
polymerase chain reaction (PGR). The degenerate oligonucleotides used in the PGR were 
designed to incorporate a 5*-temiinal Xhol, and a 3'-ierminal EcoRI restriction site in the 
amplified DNA fragments. Exemplar)' oligonucleotides are described in the Detailed 
Description, the design of which is well kno\Mi to one of ordinary skill in the art. 

Following restriction enzyme digestion, the immunoglobulin light chain encoding 
DNA was ligated into pMON 530L, a constitutive plant expression vector, which contains a 
mouse immunoglobulin leader sequence upstream of the cloning site. The pMON530L 
sequence is derived from pMON 530, a conrtitutive plant expression vector that includes the 
cauliflower mosaic virus 35S promoter, described by Rogers et al.. Methods. Envmol. 153: 
253-277 (1987), the disclosure of which is hereby incorporated by reference. 

The pMON 530L vector is identical to the parent vector with the exception of a 
mouse immunoglobulin leader nucleotide sequence encoding the amino acid residue 
sequence MELDLSLPLSGAAGGT (SEQ ID NO 12) where the nucleotides encoding the 
last two amino acids are a Kpn cloning site. The inserted leader is in-frame with the 
endogenous pMON 530 promoter sequence. The recombinant vector containing the inserted 
light chain sequences was used to transform £. coli (DH5-a, Gibco BRL). Transformants 
were screened by Southern blotting using radiolabeled DNA probes derived from the 
original PGR products. Plasmid DNA was purified from positive transformants and 
introduced into Agrobacterium tumefaciens (Rogers, et al., Methods E ^7^^mol. 153: 253 
(1987)). The pMON 530 vector contained native leader sequences and a promoter sequence 
derived from the 35S transcript of the cauliflower mosaic virus, which directs expression of 
transgencs in a variety of cell t>^pes of most plant organs (Benfey and Chua, Science 250: 
959 (1990); Barnes. PN.AS USA 87: 9 1 S3 (1990)). The use of the same promoter for all 
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four iransgcncs described herein and below maximized the likelihood of coincidental 
expression in a common plant cell. 

A similar approach was used to construct two forms of a hybrid Guy's 13 heavy 
chain. The synthetic oligonucleotides shown in Table 9 below were used in PGR to amplify 
the following regions: (a) Guy's 13 signal sequence to the 3' end of Cyl domain (Jl and J5); 
(b) Gu/s 13 signal sequence to the 3* end of Cy2 domain (Jl and J2); and (c) 5' end of Ca2 
domain to the 3' terminus of DNA from the MOPC 3 1 5 hybridoma (J3 and J4). Primers J2. 
J3 and J5 incorporate a Hindlll site while Jl and J4 respectively incorporate a Bglll and 
Xhol site to facilitate ligation and directional cloning into the expression vector. 

The amplified fragments were purified (Geneclcan II, Bio 101, La Jolla, CA) and 
digested with Hindlll for 1 hour at 37^C. The Guy's 1 3 fracments were ligated to the 
MOPC 315 fragment with T4 DNA ligase (Gibco. BRL), ai 16^C for 16 hours, and an 
aliquot of the reaction mixture was used as template DNA for a funher PGR, using the 5* 
temiinal oligonucleotide for Guy's 13 (J I) and the 3' terminal oligonucleotide for MOPC 315 
(J4). Amplified DNA fragments were purified and ligated into the pMON 530 vector as 
described above. Since the DNA encoding the native Guy's 13 leader sequence was 
included in the PGR amplification for the cloning of the heavy chain chimeric nucleotide 
sequence, the laner vector was selected for use as it lacked inserted mouse leader sequence 
present in pMON 530L. 





Table 9 






Svnlhetic OliannudeotiHr.: 




Jl 


ACCAOATCTATGGAATGGACCTGGGTTTTTC 


(SEQ ID NO 13) 


J2 


CCCA A GCTTGGTTTTr.n a r. a Tr;r:TTTT^TC 


(SEQ ID NO 14) 


J3 


GATAAGrTTGnTrrTArTrrTrrTnnjr-rTA 


(SEQ ID NO 15) 


J4 


AATCTCGACtTCAGTAGCAGATGCCATCTCC 


(SEQ ID NO 16) 


J5 


GGA A A OCTTTGTACATATGC AAGGCTTAC A 


(SEQ ID NO 17) 



The resultant separate expression vectors containing the light and cliimeric heavj' 
chain genes were then separately used to transform tobacco plants as described below. 
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The SC conslruci used in this study consisted of coding-length cDNA amplified with 
synthetic oligonucleotide 5' and 3' primers rcspcciivcly corresponding lo the NHi-tcrminai 
MALFLL sequence and the AVQSAE sequence near the COOH-terminus of rabbit pIgR 
(Mostov, el al. . Nature 308 : 37 (1984)). The 5' and 3' primers were respectively designed to 
incorporate Bglll and EcoRl restriction cloning sites for allowing directional ligation into 
pMON 530. In addition, the 3* primer was designed to incorporate a stop codon 
immediately 5* to the EcoRJ site and 3' to the codon selected as the arbitrary end of the SC 
construct. Thus, the 5' and 3* primers had the respective nucleotide sequences, listed in the 
5' to 3* direction, GAICIATGGCTCTCTTCTTGCTC (SEQ ID NO 1 8) and 
AAIICTTATTCCGCACTCTGCACTGC (SEQ ID NO 19). The restriction sites arc 
underlined. 

The rabbit pIcR sequence from v^hich the SC construct was amplified is available 
llirough GenBank Accession Number KOI 291 and listed in SEQ ID NO 20. The primers 
above respectively amplify the nucleotide region inclusive of positions 124 through 1995 
shown in SEQ ID NO 20. This amplified fragment is also listed in SEQ ID NO 2 1 with a 3' 
stop codon, TAA, provided. The encoded amino acid sequence thereof is listed in SEQ ID 
NO 22. The PGR amplified SC fragments including the restriction sites for cloning were 
then digested with Bglll and EcoRI for directional ligation into pMON 530 for subsequent 
transformation of tobacco plants. 

A mouse J chain construct that consisted of coding-length complementary DN.A 
(cDNA) was amplified with sj'nihetic oligonucleotide primers corresponding to the NH^- 
terminal MKTHLL and the COOH-terminal SCYPD sequences of the mou.-e J chain 
(Matsuuchi, et al.. PNAS USA 83 : 456 (1986)). Mouse J chain constructs may also be 
prepared using the J chain cDNAs described in Matsuuchi, et al., PNAS USA S3 : 456-460 
(1986). 

As described above for the SC construct, the 5' and 3' primers for the J chain gene 
were respectively designed to incorporate Bglll and EcoRJ restriction cloning sites for 
allovi-ing directional ligation into pMON 530. In addition, the 3* primer was designed t 
incorporate a stop codon immediately 5' to the EcoRI site and 3' to the codon selected as im 
arbitrary end of the SC construct. Thus, the 5' and 3' primers had the respective nucleotide 
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sequences, listed in the 5' to 3' dirceiion. fiAICIATGAAGACCCACCTGCTT (SEQ ID 
NO 23) and AAHCTTAGACAGGGTAGCAAGA (SEQ ID NO 24). The restriction sites 
are underlined. 

The immunoglobulin J chain sequence from which the J chain constrxjct was 
amplified is available through GenBank Accession Number M12555. The PCR amplified J 
Cham cDNA sequence, correspondins .o exon 1 through exon 4 of the GenBank sequence ,s 
l.sted in SEQ ID NO 25 including a 3' TAA codon encoding stop sequence. TI.e encoded ' 
ammo acid sequence thereof is listed in SEQ ID NO 26. The PCR amplified J chain 
fragments inciuding the restriction sites for cloning were then digested with Bglll and EcoRi 
for directional ligation into pMON 530 for subsequent transforation of tobacco plants. 
^- Prennrnti nn of Trnn^genic P\^j)]': 

Transgenic plants were then regenerated, essentially as follows. Tobacco leaf tissue 
^.•as separately transformed with the use of an agrobacterium containing U,e recombinant 
plasmids prepared above for each of the necessary proteins to create a secreton' 
•minunoglobulin. Regenerated plants were screened for the production of RNA transcript 
encoding the J chain by reverse transcriptase polymerase chain reaction and for the 
production of SC by protein immunoblot analysis. Positive transformants were self- 
fertihzcd to generate homozygous progeny. 

^ ^''y^^"S^^' TroteLTexpLe^d'^n'theuansgenic plalts^oduced in Section B 

above and for those expressed in crossed plant progeny, protein immunoblot analvsis of 
plant extracts was conducted under both nonreducing and reducing conditions. For both 
types of analyses, leaf segments were homogenized in Tris-buffced saline (TBS) (150 mM 
NaCl and 20 mM Tris-HCl (pH 8)) ^vith leupeptin (1 0 Mg/„.,) (Calbiochem, San Diego CA) 

For nonreducing conditions, the extracts were boiled for 3 minutes in 75 mM Tris- 
HCJ (PH 6.S) and 2y. SDS. SDS-polyaco'lamide gel electrophoresis (PAGE) in 4 or W% 
aer>-lam.de was then performed. The gels were blotted onto nitrocellulose. The blots were 
mcubated for 2 hours in TBS with 0.05-/0 Tween 20 (Merck Ltd., Leicester, UK) and 1% 
nonfat dr>^ milk, followed by the appropriate antiserum, and were incubated for hours at 
.7 C. Antibody binding was detected by incubation with nitroblue te.razolium (300 mg/m!) 
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and 5-bronio-4-chloro-3-indolyl phosphate (150 mg/ml). Dctcciion under nonreducing 
conditions was carried out with anliscra lo the mouse k light chain or to rabbit SC. 

Protein immunoblot of plant extracts prepared under reducing conditions vvas 
similarly conducted. Samples were prepared as above, but with llic addition of 5% P- 
mercaptoethanol. SDS-PAGE in 10% acrylamide was performed and the gels were blotted 
as before. Detection was with antisera to the mouse y 1 heavy chain, the mouse k light 
chain, or rabbit SC, followed by Uie appropriate second-layer alkaline phusphaiase- 
conjugated antibody. 

Protein immunoblot analysis of the IgA-G plant extract with antiserum to the k light 
chain under nonreducing conditions showed a band of about 210 kD, which is consistent 
with the presence of the extra constant region domains in the IgA-G antibody construct as 
compared with the original IgGl antibody. A number of smaller proteolytic fragments were 
also detected, which is consistent with previous findings (Ma, Id. V 

The following samples were tested under reducing conditions in one such assay: (1) 
Guy's 13 mAb prepared in hybridoma cell culture supernatant; (2) nontransformed wild-type 
plant; (3) transgenic plant expressing modified heavy and light chain genes of Guy's 13; (4) 
transgenic plant expressing modified heavy and light chain genes of Guy's 13 and the J 
chain; (5) transgenic plant expressing modified heavy and light chain genes of Guy's 13, the 
J chain, and SC; (6) transgenic plzmt expressing SC; and (7) transgenic plant expressing the J 
chain (data not shown). 

The plants that expressed the J chain were crossed with those expressing IgA-G and 
immunoblot analysis of plant extracts was performed. The progeny showed a second major 
Ig band at about 400 kD, approximately twice the relative molecular mass of the IgA-G 
molecule (not shown), which suggested that a dimcric antibody (dIgA-G) had been 
assembled. Mature plants that expressed dIgA-G were crossed with a homozj'gous plant 
that expressed SC. The progeny plants (SIg.A-G) included those that produced a higher 
molecular mass band of about 470 kD in protein immunoblot analysis under nonreducing 
conditions; such a molecular size is consistent with that expected for a secretory Ig. 
Detection with antiserum to SC confirmed that this high molecular mass protein contained 
SC. The plant extracts also contained the 400 kD band (dIgA-G) and the 210 kJD band (IgA- 
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G). but these were detected only by antiserum lo the k liyht chain and not by aniiserum to 
SC. In the transgenic plant that secreted SC alone, no high molecular mass proteins were 
detected in protein immunoblotting under nonrcducing conditions, and hence there was no 
evidence that SC assembled with endogenous plant proteins or formed multimers. 

Further protein immunoblot analysis under reducing conditions demonstrated that 
extracts from the plants that expressed antibodies (IgA-G. dIgA-G, and SIgA-G), but not 
those that expressed the J chain or SC. contained identical antibody heavy and light chains 
(not shcui,). Only the SC and SlgA-G plants expressed proteins that were recognized by 
antiserum to SC (not shown). The dissociation of SC from Ig heavy chains only under 
reducing conditions suggests that the SC chain was at least partially covalently linked in the 
assembled SIgA-G n.oleculc. The molecular mass of the major SC band under reducing 
conditions is about 50 kD. which is lower than expected (66.5 kD). This is probably a result 
of proteolysis, which may occur in the intact plant or during sample preparation. Sc bound 
to dimeric IgA is often found proteolyzed to smaller but biologically active forms in vivo 
(Alinen, et al.. .T. Clip. JpvrM 77 : 1841 (1986)). However, in the protein immunoblot 
analysis under nonreducing conditions, the molecular mass difference between dIgA-G and 
SIgA-G was about 70 kD. as expected. No cross-reacting proteins were detected in extracts 
from the wild-t>'pe control plant. 

^- QgncraTion ofTransPPnlc Prncrt;nv f or AntihnHv Asspmh'v 

In mammals, the assembly of SC with antibody requires the presence of the J chain 
(Brandtzaeg and Pi^dz. Nati^rggjl : 71 (1984)); this aspect was also investigated in the case 
of expression in plants. Thus, plants expressing monomeric IgA-G were crossed with SC- 
expressing plants. 

In an efifon to confirm the cocxpression of IgA-G with SC. protein immunobloning 
of transgenic plant extracts was performed under nonreducing and reducing conditions. 
Samples were prepared as described in section B.l . In nom-educing conditions, protein 
immunoblotting was performed on 4% SDS-PAGE and detected with goat antiserum to the 
K light chain, followed by alkaline phosphatase-labeled rabbit antiserum to coat IgG. In 
reducing conditions, protein immunoblotting was performed on 10% SDS-PAGE and 
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dciecled with sheep antiserum to SC, rollowcd by alkaline phosphaiasc-labclcd donkey 
antiserum to sheep IgG. 

In Ihe progeny, only the 210 kD monomcric fomi of the antibody was recognized by 
antiserum to the k light chain; antiserum to SC recognized free SC but did not recognize 
proteins associated with Ig (results not shown). These results were confirmed in all 10 
plants examined, whereas all 10 plants that cocxpressed the J chain, the antibody chains, and 
SC assembled the 470 kD SIgA-G molecule. Tnis finding confirms the requirement of tne J 
chain for SC association with Ig and suggests that the nature of the association in plants is 
similar lo that in mammals. 

Functional antibody studies were carried out with the five plant constructs by 
cn7.yme-liiiked immunosorbent assay (ELISA) (Fig. 4). The procedure was carried out 
essentially as follows. 

Microliter plates were coaled either with purified S A I/II (2/zc/ml) in TBS or with 
log phase growth S, mutans (NCTC 10499) in bicarbonate buffer (pH 9.8). Blocking was 
done with 5% nonfat dry milk in TBS at room temperature for 2 hours. Plant leaves were 
homogenized in TBS with leupepiin (10 //g/ml). The supcmatants were added in serial 
twofold dilutions to the microliter plate; incubation was at room temperature for 2 hours. 

After washing with TBS with 0.05% Tween 20, bound Ig chains were detected either 
with a goat antibody to mouse light chain conjugated with horseradish peroxidase (HRP) 
(Nordic Pharmaceuticals, UK) or with a sheep antiserum to SC, followed by donkey 
antibody to sheep Ig, conjugated with alkaline phosphatase. Conjugated antibodies were 
applied for 2 hours at room temperature. HRP-conjugated antibodies were detected with 
2,2'-azino-di-(3-ethyl-benzthiazoline sulfonate) (Boeluinger Mannheim, Indianapolis, IN); 
alkaline phosphatase-conjugated antibodies were detected wth disodium p- 
nitrophenylphosphate (Sigma, UK). The concentrations of the antibody solutions were 
initially determined by ELISA in comparison with a mouse IgA mAb (TEPC-21) used at 
known concentrations (Ma, et al., Id. (1994)). In the antigen-binding ELISAs, the starling 
concentration of each antibody solution was S^zg/ml. 

The results illustrated in Figures 4A-C may be described as follows. Figures 4.A.-C 
illustrate the demonstration of functional antibody expression in transgenic A'', rabacum as 

-9S- 



wo Sr7/4231 J 



PCT/US97/07562 



measured by absorbancc ot 405nm (A^- In all three figures, Guy s 13 hybridoma cell 
culture superr^atant (IgG) was used =s a positive control. The initial concentration of each 
antibody solution was S^e/ml Dilution numbers represent serial double dilutions 
lUustrat^d results are expressed as the mean ± SD of three separate triplicate experiments In 
all three figures, the solid squares (.) represent SIgA-G: solid circles (.) represent dig VG- 
sohd triangles (A) represent IgA-G; open squares (□) represent SC; open circles (o) 
represent J chain; open triangles (A) represent a nontransfonned. wild-type plan, (XVT)- and 
.nvened, closed triangles (▼) represent Guy's 13. Dilution is plotted on the horizontal 'axis 
while absorbance is plotted on the venical axis. 

All plants expressing antibody light and heavy chains assembled functional 
anubodies that specifically recognized SA F/II (Fig. 4A). The levels of bindin. and titration 
cur^.s were similar to those of the native mouse hybridoma cell supernatant. No SA I/II 
bmding was detected with wild-type plants or with plants expressing the J chain or SC Tl,e 
bmdmg of antibody to immobilized purified SA or native antigen on the bacterial cell 
surface was also detected with antiserxim to SC (Fig. 4B and 4C). In these assays, only the 
SIgA-G plant antibody binding was detected and not the functional antibodies in the I^a-G 
or dIgA-G plants. These results confirm that SC w.s assembled with antibody in the SlnA- 
G plant but did not interfere with antigen recognition or binding. 

The assembly of functional Ig molecules in plants is ve^' efficient (Hiatt et al 
tte42: 76 (1989)). Initial estimates for the plants expressing SIcA-G suecest that 
approximately 50y. of the SC is associated with dimeric Ig.VG in the'plant eJt'racts (data not 
shou.). Preliminary, results indicate that the SIgA-G yield from fully expanded leaf lamina 
.s -00 to .00 per gram or fresh weight material. This yield is considerably greater than 
that determined for monomeric IgA-G and is consistent with the suggestion that SleA-G 
might be more resistant to proteolysis. 

H«.. rte fidelity of plan, ;«sembl.v has been «.end=d ,o include dimerization of 
n.ono„,eric antibody by U,= J chain. Coexp„ssion of „eombi„an, IgA ^ i.h ,he J chain 
*,cu^ .he use ofbaculovi™ i„ i„.ec, cell, has been repo.ed (Ca.yannopoulos. e, al., 
e'^^^i^SAM: S348 (1 994),; ho..ve,, only a sn,all propcnion of .he expressed an.ibody 
>™ dtmerized, and „os. ren,ai„ed in a monomeric fonn. By concras.. in plants *e dimeric 
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antibody population represents a major proportion (about 57 %) of tlic total antibody (data 
not shown). This is also the first report of an assembled secrctor>' antibody (SIgA-G) that 
binds as well to the corresponding antigen as does the parent mAb and constitutes a major 
proportion of the total assembled antibody (about 45%; data not shown). Protein 
immunoblot analysis potentially underestimates the total extent of assembly of SlgA-G 
because it only detects antibody that is covalently linked to SC, whereas SIgA can occur in 
vivo as a mixture of covalently and noncovalently linked molecules (Schneiderman, et al., 
PNAS USA 86 : 7561 (1975)). 

The four transcenes for SIgA-G were introduced into plants with the identical 
pMON530 expression cassette, native leader sequences, and a promoter sequence derived 
from the 35S transcript of the cauliflower mosaic virus, which directs expression of 
transgenes in a variety of cell types of most plant organs (Benfey and Chua, Science 250 : 
959 (1990); Barnes, PNAS USA ^17: 9183 (1990)). The use of the same promoter for all 
four transgenes maximized the likelihood of coincidental expression in a common plant cell. 
E. Micrc.^copic Obsen/ation 

Plant specimens were prepared for microscopic obser\'aiion essentially as follows. 
Leaf blades were cut into segments (2 X 10mm) and fixed in 3% (w. v) paraformaldehyde, 
0.5% (w/v) glutaraldehyde, and 5% (w/v) sucrose in 100 mM sodium phosphate (pH 7.4). 
After dehydration through a graded ethanol series, leaf segments were infiltrated vvith 
xylene, embedded in paraffin, cut into 5-mm sections, and mounted on glass slides for 
immunochemical staining. The leaf sections were incubated with primary antibodies 
(affinity-purified rabbit antibody to mouse a chain, which reacts with the A-G hybrid heaw 
chain, or sheep antibody to rabbit SC) and then with sccondar>' antibodies (goat antibody to 
rabbit Ig or rabbit antibody to sheep Ig, both labeled with 10-nm gold). The immunogold 
signal was intensified by silver enhancement. 

Microscopic obser\'ation of SIgA-G plants revealed that many cell types of the 
leaves contained SIgA-G components. The predominant accumulation of these proteins was 
in the highly vacuolated cells of the mesophylL particularly in bundle sheath cells; the 
cytoplasmic band surrounding the large central vacuole was strongly labeled. At the level of 
light microscopy, it is not possible to distinguish between antigens that are cytoplasmic and 
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those il.ai are contained in .he luminal apoplastic space between rhc cell wall and the 
Plasmaiemma. but it is evident that the recombinant antibody components do not penetrate 
the cell wall. 

F- Djggysirinn 

Restriction of the largest SlgA-G components. SC and heavy chain, within the 
confines of the protoplastic or apoplastic compartments of individual cells would constrain 
the assembly of sig to single cells. In contrast, two cell types arc required to produce SIgA 
m mammals. In the plam system, a mature SC devoid of signals for membrane integration 
transcytos.s. or subsequem proteolj'sis can thus be assembled with a hybrid Ig containing a 
domams within the secretory pathway of the cell. Assembly of n.onomeric antibody is 
known to require the targeting of both light and heavy chains to the endoplasmic rcticulun. 
(ER) (Hem. et ah. BiotechnnI Pro. 7 : 455 (1 99 1 )). Thus SIgA-G assembly miaht occur at 
two sues: either in the ER. after dimerization with the J chain, or in the extracellular 
apopiasm. where the secreted antibody is accumulated. 

The inherent ftinctions of IgG-constant regions, that is. protein A binding, 
complement fixation, and the ability to bind to specific cell surface receptors (F^'receptors) 
may be retained in a dimeric Ig that is capable of binding SC. These additional properties of 
SlgA-G may enhance the function of the complex in passive immunotherapy, although 
under some circumstances these biological properties might be undesirable. In principle it 
should not be difficult to produce a SIgA-G antibody that lacks the Cy2 domain in these 



cases 



The development of pl:.nts capable of generating fiinctional SIgA may have 
significant implications for passive immunotherapy. Previously. SIgA has been generated 
only wuh difficulty, by /;, vitro conjugation of SC with dimeric IgA (MachJ^^^: 
1278 (1970)) or by the insenion of subcutaneous "backpack" tumors of hybridoma cells 
secreting monoclonal IgA (Wimier. et al.. Infect T^n.»n .o. 977 (1 991)). The plants 
express SIgA in large amounts, and the production can be scaled up to acricultural 
proponions. This method offers an economic means of producing larce quantities of n^Abs 
that could be applied to mucosal surfaces to prex-ent infection, as has been demonstrated in 
passtve immunotherapy against streptococci (Lehner. et al.. Infect .n - 796 (1 985)- 
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Besscn and Fischetti- J. Fxn. N4ed. 167 : 1945 (19S8); Ma, c( aL, Infect. Immun. 5R : 3407 
(1 990)). Mullivalent antibodies might be more protective than IgG at mucosal surfaces 
(Kilian, et aL, Microhiol. Rev. 52 : 296 (1988)), and SC may also have poslsecrctory 
functions in stabilizing the polymeric antibody against proteolysis (Underdown and 
Dorrington, J. Immunol. 1 12 : 949 (1974); Mestecky and McGhee, Adv. Immunol. 40 : 153 
(1987)). The principle of sexual crossing of transgenic plants to accumulate recombinant 
subunits can readily be applied to the assembly of a variety of Ig as well as other complex 
protein molecules. 

The foregoing is intended as illustrative of the present invention but not limiting. 
Numerous variations and modifications can be effected without departing from the true spirit and 
scope of the invention. 
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SEQUENCE LISTING 

(1) GENERAL INFORWATION: 

(i) APPLICANT: Hein. Mich B. 

Hiatc, Andrew c. 
^5a, Julian K.C. 

(iii) NUMBER OF SEQUENCES: 26 
(iv) CORRESPONDENCE ADDRESS- 

lil ^^11^^^^ RESEARCH INSTITUTE 

^i^^J^^^^^ — -c-a 

(D) STATE: California 

(E) COUNTRY: US 

(F) ZIP; 92037 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floopy disk 

(B) COMPUTER: IBM PC* compatibl e 

(C) OPERATING SYSTEM: PCDOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1.0; Ve«ion 

(Vi> CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: 03 -MAY- 1996 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/591 823 

(B) FILING DATE: 02.OCT-1990 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/42 7 76 5 

(B) FILING DATE: 27.0CT.1989 

(viii) ATTORNEY/ AGENT INF ORJvtATION : 

(A) NAME: Logan, April C. 

(B) REGISTRATION NUMBER: 33 950 

(C) REFERENCE/DOCKET NUMBER i 184.2 

(ix) TELECOMMUNICATION lNFORM.^TION • 

(A) TELEPHONE: (619) 554-2937 

(B) TELEFAX:. (619) 554-6312 

(2) INFORMATION FOR SBQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: KO 
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15 



20 



25 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
CCTTGACCGT AAGACATG 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



18 



40 



45 



50 



(xi) SEQUENCE DESCRIPTION:. SEQ ID NO : 2 : 
AATTCATGTC TTACGGTCAA GG 
(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
TGTGAAAACC ATATTGAATT CCACCAATAC AAA 



22 



33 
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(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI- SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
ATTTAGCACA ACATCCATGT CGACGAATTC AATCCAAAAA AGCAT 45 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
5^ <A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
GGGGAGCTGG TGGTGGAATT CGTCGACCTT TGTCTCTA.:\C AC 4 2 

(2) INFORMATION FOR SEQ ID NO : 6 : 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

5 CCATCCCATG GTTGAATTCA GTGTCGTCAG 30 

(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 
10 (A) I^ENGTH: 4 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D> TOPOLOGY: linear 

15 (ii) MOLECULE TYP=: : DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

25 CTGCAACTGG ACCTGCATGT CGACGAATTC A6CTCCTGAC AGGAG 4 5 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 (ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

40 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

45 CCTGTAGGAC CAGAGGAATT CGTCGACACT GGGATTATTT AC 42 

(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 
50 (A) LENGTH: 7 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI- SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID KO:9: 
GAATTCATTC AAGAATAGTT CAAACAAGAA GATTACAAAC TATCAATTTC ATACACAATA 



60 

TAAACGATTA A-AAGA 

75 

(2) INFORMATION FOR SEQ ID NO: 10: 



20 



25 



30 



40 



45 



50 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 90 amino acids 

(B) TYPE: amino acid 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

• (v) FRAGMENT TYPE: N- terminal 



(>:i) SEQUENCE DESCRIPTION: SEQ ID NOilO: 

Met Arg Phe Pro Ser He Phe Thr Ala Val Leu Phe Ala Ala Ser Ser 
5 10 15 

Ala Leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr Ala Gin 
35 25 30 

He Pro Ala Glu Ala Val He Gly Tyr Ser Asp Leu Glu Gly Asp Phe 

40 45 



Asp val Ala val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu Leu 

55 60 



Phe He Asn Thr Thr II 



e Ala Ser He Ala Ala Lys Glu Glu 



65 -^^^ -^-^^ ^-^^ Ala Lys Glu Glu Gly Val 



75 



80 



Ser Leu Asp Leu Lys Arg Asp 



Val Val Leu 



«5 90 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 90 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: N- terminal 



(>:i) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Met Arg Phe Pro Ser lie Phe Thr Ala Val Leu Phe Ala Ala Ser Ser 
1 5 *• 10 15 

Ala Leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr Ala Gin 
20 25 30 

lie Pro Ala Glu Ala Val lie Gly Tyr Ser Asp Leu Glu Gly Asp Phe 
35 40 45 

Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu Leu 
50 55 60 

Phe lie Asn Thr Thr lie Ala Ser He Ala Ala Lys Glu Glu Gly Val 
65 70 75 80 

Ser Leu Asp Leu Lys Arg Glu Val Glu Leu 
85 90 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: N- terminal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

Met Glu Leu Asp Leu Ser Lr;u Pro Leu Ser Gly Ala Ala Gly Gly Thr 
1 5 10 ' 15 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(iii) HYPOTHETICAL: NO 
(iv) AOTI- SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
ACCAGATCTA TGGAATGGAC CTGGGTTTTT C 
(2) INFORMATION FOR SEQ ID NO : 14 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 
CC) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) AOTI- SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CCCAAGCTTG GTTTTGGAGA TGGTTTTCTC 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID 
GATAAGCTTG GTCCTACTCC TCCTCCTCCT A 
(2) INFORMATION FOR SEQ ZD NO: 16: 

(i) SEQUEl^CE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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<D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO:16: 
AATCTCGAGT CAGTAGCAGA TGCCATCTCC 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI- SENSE: NO 



(xi) SEQUENCE DESCRIITION: SEQ ID NO: 17: 
GGAAAGCTTT GTACATATGC AAGGCTTACA 
(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NOrlB 
GATCTATGGC TCTCTTCTTG CTC 

-110. 
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(2) INFORMATION FOR SEQ ID NO: 19: 

<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE; NO 



SEQUENCE DESCRIPTION: - SEQ ID 
AATTCTTATT CCGCACTCTG CACTGC 
(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 3 517 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SSQ ID NO:20: 

CCCCGGGGTT ACGGGCTGGC CAGCAGGCTG TCCCCCCGAG TCCGOTCAGC AGCAOGOGAA 
GAAG^GCCT AAAATCTCTC CCCCATCGCC AGCCCAGCCC TAOTGCCCTA CCACCCACCA 
CCCATGOCTC TCTTCTTGCT CACCTGCCTC CTGGCTOTCT TTTCAGCGCC CACGGCACAA 
AGCTCCTTAT TCGGTCCCAC CTCCATATTT OGTCCCGGGG AGGTGAATGT rTTGCAAGGC 
CACTCGGTGT CCATCACATG CTACTACCCA ACAACCTCCG TCACCCGCCA CAGCCGGAAC 
TTCTGGTOCC GGCAAGAGGA GAGCGOCCGC TGCGTGACCC TTGCCTCGAC C.GCTACACC 
TCCCAGGAAT ACTCCGGGAG AGC-CAAGCTC ACCCACTTCC CTCATAAAGG GGAGTTTGTG 



€0 
120 
180 
240 
300 
360 
420 
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GTGACTGTTG ACCAACTCAC CCAGAACGAC 
AACGGCCGTG GCCTGGACTT CGGTGTCAAC 
5 GACGTTGTTT ACAAACAATA TGAGAGTTAT 

GCGACTAGGC AACTAAAGAA GTCCTTTTAC 
ATTGATTCCA GCAGTAAGGA GGCAAAGGAC 

10 

ATCCAAAGTA CCACAGCAAA AGAATTCACA 
GCTGGGCAGT ATGTCTGCCA GAGTGGAAGC 
15 CTCCGACTGC TAACTCCTGG TCTGCTCTAT 

TGTGCCCTGG ACTCTGAAGA CGCAAACGCG 
AATGTGGTCA TTGACAGCCA GGGGACAATA 

20 

ACCAAGGCTG AGAACGGCCA CTTCAGTGTA 
GGGAACTATC TGTGCGGAGT CCAGTCCAAT 
25 CGGCAACTCT TCGTCAATGA AGAGATCGAC 

TTTCCAGGAG GCTCCGTGAC CATACGCTGC 
CTGCAGCTGT ATCTCTGGGA AGGGAGTCAA 

30 

GGGCTGGTTC AGAAAGACTA CACAGGCAGG 
ACCTTCTCAG TCGTCCTCAA CCAGCTCACT 
35 AGCGATGACG ATGAGTCCCT GACGACTTCG 

AGCCCCACGA TCGACAAGTT CACTGCTGTG 
TTCCCATGCA AATACTTCTC CTCCGAGAAG 

40 

GAGGACCTGC CCACTAAGCT CAGCTCCAGC 
GTCCTCACCC TGACCTTGGA CTCGGTCAGC 
45 GCGAAAGACG GGCACGAGTT TGAAGAGGTT 

GCCAAGGTAG CTGTCGAGCC AGCC7*AGGTA 
CCTGCTGAGG AGAAGGCC7UV GGCGCGGTGC 

50 

TTGTCAAGGA AGCTGAGAAC AAGTTGTCCA 
GTGCAGAGTG CGGAAGACCC AGCCAGTGGG 
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TCAGGGAGCT ACAAGTGTGG CGTGGGAGTC 4 80 

GTGCTGGTCA GCCAGAAGCC AGAGCCTGAT 54 0 

ACAGTAACCA TCACCTGCCC TTTCACATAT 6 00 

AAGGTGGAAG ACGGGGAACT TGTACTCATC 660 

CCCAGGTATA AGGGCAGAAT AACGTTGCAG 720 

GTCACCATCA AGCA.TTTGCA GCTCAATGAT 780 

GACCCCACTG CTGAAGAACA GAACGTTGAC 84 0 

GGAAACCTGG GGGGCTCGGT GACCTTTGAA 900 

GTAGCATCCT TGCGCCAGGT TAGGGGTGGC 96 0 

GATCCAGCCT TCGAGGGCAG GATCCTGTTC 1020 

GTGATCGCAG GCCTGAGGAA GGAAGACACA 10 8 0 

GGTCAGTCTG GGGATGGGCC CACCCAGCTT 114 0 

GTGTCCCGCA GCCCCCCTGT GTTGAAGGGC 12 00 

CCCTACAACC CGAAGAGAAG CGACAGCCAC 12 6 0 

ACCCGCCATC TGCTGGTGGA CAGCGGCGAG 13 20 

CTGGCCCTGT TCGAAGAGCC TGGCAATGGC 13 80 

GCCGAGGATG AAGGCTTCTA CTGGTGTGTC 14 4 0 

GTGAAGCTCC AGATCGTTGA CGGAGAACCA 1500 

CAGGGAGAGC CTGTTGAGAT CACCTGCCAC 1560 

TACTGGTGCA AGTGGAATGA CCATGGCTGC 162 0 

GGCGACCTTG TGAAATGCAA CAACAACCTG 168 0 

GAAGATGACG AGGGCTGGTA CTGGTGTGGC 174 0 

GCGGCCGTCA GGGTGGAGCT GACAGAGCCA 19 00 

CCTGTCGACC CAGCCAAGGC AGCCCCCGCG 186 0 

CCAGTGCCCA GGAGAAGGCA GTGGTACCCA 1920 

GAACCTCGGC TCCTTGCGGA GGAGGTAGCA 198 0 

AGCAGAGCGT CTGTGGATGC CAGCAGTGCT 2 04 0 

12. 
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TCCC«C«. =C..„CTCC ««CT«CTC .TCTCCCCC TOC«=CCC„ 

CTC3C..C0C cc<=c«racc cor3cc«„ cc«c«=ccc .„cc^, 

C«=TTrCC. TCCC..CCTA «.«C«.C »TT«C.T.r „=»CT^, ,^,„,, 
C^rrCOC^ C«TTC*C« CCC«CCCCC TCCCCCCTO CCCO==«»C CCCCCTCOC. 

c^.ro .=„.cc„c cac«ccc,= .=c.cc=.c„ 

cc««c«r c..cc«3,. ^^^^^^ ^^^^^ ^^^^^^ 

«c™ cr™. cc«^^, ^^^^^^^ 
occoccccco c«cc=c«c cccccccccc «c^^ ««cc^.«„,„,3, 
T«rccTc<« cccoccaocx c«ccccc„ c„cc=ccc. .^xcccccc 

«CT«.CXT CC™. CCCC««„ ^^^^^^^^ 
CCXC=CTC« ^^^^^^^ ^^^^^^^^ 

TCCCC«»<^ ^^^^ 

*0««C0C=. .«^„CT ^^^^ ^^^^^^^ ^^^^^^ 

TCCC^CCCC CCTTC^ ^^^^^ 

=cc.cxc.cc oc«=c„cc TC.«=cc3. ^c^c, «ace.«.c 

TCCCCCCCC „TCC ..CCCXCCT C.^C 

«C=-T=«. «CCTC^^ cCCT=COC„ „„„„„ 

CAGCAAACTA GATG6GCTTC TGCTGTCOTf- tt/^o^^. 

TCCTGTCCTC TTGGCCAGAG GTCTCTCCAC AG&AGCCCCT 

cccc„cx,« =«c««oT xrx««c». c.«c«c« o«„ 

C^CCXCTC cc^ccccc ,c=c..^ ^^^^ 
«=TC=C.« ™,C«™ ^CCCCCT= 

^^^^^^ 

cTToxcccxo .«oc^« eccccc. c™cc c„cc.«c. cxc^. 

GTGATTTAAT CATTAAACAT TGTGATTGCC ACTGGGA 
(2) INFORMATION FOR SEQ ID NO; 21: 
Ci) SEQUENCE CHARACTERISTICS: 



2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3180 
3240 
3300 
3360 
3420 
3480 
3 517 
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10 



(A) LENGTH: 1875 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLBCtFLE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



15 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..1875 



20 



25 



30 



35 



40 



45 



50 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

ATG GCT CTC TTC TTG CTC ACC TGC CTG CTG GCT GTC TTT TCA GCG GCC 48 
Met Ala Leu Phe Leu Leu Thr Cys Leu Leu Ala Val Phe Ser Ala Ala 
15 10 15 

ACG GCA CAA AGC TCC TTA TTG GGT CCC AGC TCC ATA TTT GGT CCC GGG 96 
Thr Ala Gin Ser Ser Leu Leu Gly Pro Ser Ser He Phe Gly Pro Gly 
20 25 30 

GAG CTG AAT GTT TTG GAA GGC GAC TCG GTG TCC ATC ACA TGC TAC TAC 144 
Glu Val Asn Val Leu Glu Gly Asp Ser Val Ser He Thr Cys Tyr Tyr 
35 40 45 

CCA ACA ACC TCC GTC ACC CGG CAC AGC CGG AAG TTC TGG TGC CGG GAA 192 
Pro Thr Thr Ser Val Thr Arg His Ser Arg Lys Phe Trp Cys Arg Glu 
50 55 60 

GAG GAG AGC GGC CGC TGC GTG ACG CTT GCC TCG ACC GGC TAC ACG TCC 24 0 

Glu Glu Ser Gly Arg Cys Val Thr Leu Ala Ser Thr Gly Tyr Thr Ser 
65 70 75 80 

CAG GAA TAC TCC GGG AGA GGC AAG CTC ACC GAC TTC CCT GAT AAA GGG 28 8 

Gin Glu Tyr Ser Gly Arg Gly Lys Leu Thr Asp Phe Pro Asp Lys Gly 
85 90 95 

GAG TTT GTG GTG ACT GTT GAC CAA CTC ACC CAG AAC GAC TCA GGG AGC 33 6 

Glu Phe Val Val Thr Val Asp Gin Leu Thr Gin Asn Asp Ser Gly Ser 
100 105 110 

TAC AAG TGT GGC GTG GGA GTC AAC GGC CGT GGC CTG GAC TTC GGT GTC 3B4 
Tyr Lys Cys Gly Val Gly Val Asn Gly Arg Gly Leu Asp Phe Gly Val 
115 120 125 

AAC GTG CTG GTC AGC CAG AAG CCA GAG CCT GAT GAC GTT GTT TAG AAA 43 2 

Asn Val Leu Val Ser Gin Lys Pro Glu Pro Asp Asp Val Val Tyr Lys 
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15 



20 



35 



40 



120 



135 



140 



25 



- ^ o.. v.. - - - - ccc 

SI a= fi: Z ?n s 
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48C 



528 



576 



624 



, J" Z J- J- - I- - TTC 

5 14S ^' ™^ lie Thr Cys Pro Phe Thr Tyr Ala 

155 

.^^s fi: ^ - J- - - - - : 

10 170 

Sit tr: jji til lit r r ^^^^ °- 

IbJ ^^'^ "-^^ '^^^ Asp Pro Arg Tyr 

Tiy jn'r l": Sn ?r ^ ^^^^ --^ °- 

y ^^9 Thr Leu Gin lie g1„ Ser Thr Thr Ala Lys Gl« Phe 

205 

rlr SaT SI - -T COT CCO CAC TAT OTC 

210 ^ ^ 5:^" Asp Ala Gly Gin Tyr Val 

•^^^ 220 

lyi ttt Sly ii; itt iii :r ,t 

22S ^ Gi" Gin Asn Val Asp Leu 

CGA CTG CTA ACT CCT GGT OTG r-rn 

Arg x,eu Leu Thr Pro GlJ S lIu ^JJ gW ^'^^ 

24 5 ^ ^-^y Ser Val 

ST s; £J S 21 s I- tr, Z IL^ 

270 

TTG CGC CAG GTT AGG GGT GGC AAT GTr r-vn 

^ ca. ?i? 1« 

- "J tT. m r.: i?j ?rf r= t - - «c 

290 ZZ( " Ala Glu Asn 

300 

ir. i^i ;s s Si r= r 

305 Leu Arg Lys Glu Asp Thr Gly 

- jj: j^: eir - - - - - - 

50 330 



720 



768 



616 



864 



912 



960 



1008 



1056 
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10 



20 



25 



30 



AGC CCC CCT GTG TTG AAG GGC TTT CCA GGA GGC TCC GTG ACC ATA CGC 1104 
Ser Pro Pro Val Leu Lys Gly Phe Pro Gly Gly Ser Val xhr He Arg 
355 360 365 

TGC CCC TAG AAC CCG AAG AGA AGC GAC AGC CAC CTG CAG CTG TAT CTC 1152 
Cys Pro Tyr Asn Pro Lys Arg Ser Asp Ser His Leu Gin Leu Tyr Leu 
370 375 380 

TGG GAA GGG AGT CAA ACC CGC CAT CTG CTG GTG GAC AGC GGC GAG GGG 12 00 

Trp Glu Gly Ser Gin Thr Arg His Leu Leu Val Asp Ser Gly Glu Gly 
385 390 395 400 



CTG GTT CAG AAA GAC TAC ACA GGC AGG CTG GCC CTG TTC GAA GAG CCT 124 8 

Leu Val Gin Lys Asp Tyr Thr Gly Arg Leu Ala Leu Phe Glu Glu Pro 
405 410 415 

GGC AAT GGC ACC TTC TCA GTC GTC CTC AAC CAG CTC ACT GCC GAG GAT 12 96 

Gly Asn Gly Thr Phe Ser Val Val Leu Asn Gin Leu Thr Ala Glu Asp 
420 425 430 



GAA GGC TTC TAC TGG TGT GTC AGC GAT GAC GAT GAG TCC CTG ACG ACT 1344 
Glu Gly Phe Tyr Trp Cys Val Ser Asp Asp Asp Glu Ser Leu Thr Thr 
435 440 445 

TCG GTG AAG CTC CAG ATC GTT GAC GGA GAA CCA AGC CCC ACG ATC GAC 13 92 

Ser Val Lys Leu Gin He Val Asp Gly Glu Pro Ser Pro Thr lie Asp 
450 455 460 

AAG TTC ACT GCT GTG CAG GGA GAG CCT GTT GAG ATC ACC TGC CAC TTC 14 4 0 

Lys Phe Thr Ala Val Gin Gly Glu Pro Val Glu He Thr Cys His Phe 
465 470 475 480 



CCA TGC AAA TAC TTC TCC TCC GAG AAG TAC TGG TGC AAG TGG AAT GAC 1488 
Pro Cys Lys Tyr Phe Ser Ser Glu Lys Tyr Trp Cys Lys Trp Asn Asp 
^5 485 490 495 

CAT GGC TGC GAG GAC CTG CCC ACT AAG CTC AGC TCC AGC GGC GAC CTT 1536 
His Gly Cys Glu Asp Leu Pro Thr Lys Leu Ser Ser Ser Gly Asp Leu 
500 505 510 

40 

GTG AAA TGC AAC AAC AAC CTG GTC CTC ACC CTG ACC TTG GAC TCG GTC 1584 
Val Lys Cys Asn Asn Asn Leu Val Leu Thr Leu Thr Leu Asp Ser Val 
515 520 525 

45 AGC GAA GAT GAC GAG GGC TGG TAC TGG TGT GGC GCG AAA GAC GGG CAC 1632 

Ser Glu Asp Asp Glu Gly Trp Tyr Trp Cys Gly Ala Lys Asp Gly His 
530 535 540 

GAG TTT GAA GAG GTT GCG GCC GTC AGG GTG GAG CTG ACA GAG CCA GCC 16 80 

50 Glu Phe Glu Glu Val Ala Ala Val Arg Val Glu Leu Thr Glu Pro Ala 

545 550 555 560 

AAG GTA GCT GTC GAG CCA GCC AAG GTA CCT GTC GAC CCA GCC AAG GCA 172 8 
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Lys Val Ala Val Glu Pro Ala I.ys Val P.o Val Asp Pro Ala Lys Ala 
"5 

5 l""" """^ AAG GCG CGG TGC CCA GTG CCC 

Ala Pro Ala Pro Ala Glu Glu I,ys Ala I.ys Ala Arg Cys Iro vll Pro 
"° 585 

i'''' '^'^ AGG AAG GTG AGA ACA AGT TGT 

,0 '''^ '^'^^ JJf ^5 Ser ATS I,y3 I^u Arg iTr Cys 

^00 605 

s 21 s= - 

15 620 
TA.' 



45 



50 



625 



(2 J INFORMATION FOR SEQ 10 NO; 22; 



(i) SEQUENCE CHARACTERISTICS: 
25 LENGTH: 624 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

^ (xi) SEQCJENCE DESCRIPTION: SEQ ID NO:22: 

Met Ala l^u Phe I.eu Leu Thr Cys Leu Leu Ala Val Phe Ser Ala Ala 



10 



15 



Thr Ala Gin Ser Ser Leu Leu Gly Pro Ser Ser tie Phe Gly Pro Gly 



25 30 



Glu val Asa val Leu Glu Gly Asp Ser Val Ser He Thr Cys Tyr Tyr 
40 *0 45 



Pro Thr Thr Ser Val Thr Arg His Ser Arg Lys Phe Trp Cys Arg Glu 

60 

Clu Glu ser Gly Arg Cys Val Thr Leu Ala Ser Thr Gly Tyr Thr Ser 

80 

Gin Glu Tyr Ser Gly Arg Gly Lys Leu Thr Asp Phe Pro Asp Lys Gly 

90 35 

Glu Phe val val Thr Val. Asp Gin Leu Thr Gin Asn Asp Ser Gly Ser 

110 

Tyr Lys Cys Gly Val Gly Val Asn Gly Arg Gly Leu Asp Phe Gly Val 



1776 



1624 



1672 



1875 
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115 120 125 

Asn Val Leu Val Ser Gin Lys Pro Glu Pro Asp Asp Val Val Tyr Lys 
130 135 140 

Gin Tyr Giu Ser Tyr Thr Val Thr He Thr Cys Pro Phe Thr Tyr Ala 
145 150 155 160 

Thr Arg Gin Leu Lys Lys Ser Phe Tyr Lys Val Glu Asp Gly Glu Leu 
165 170 175 

Val Leu He lie Asp Ser Ser Ser Lys Glu Ala Lys Asp Pro Arg Tyr 
leo 185 190 

Lys Gly Arg He Thr Leu Gin He Gin Ser Thr Thr Ala Lys Glu Phe 
195 200 205 

Thr Val Thr He Lys His Leu Gin Leu Asn Asp Ala Gly Gin Tyr Val 
210 215 220 

Cys Gin Ser Gly Ser Asp Pro Thr Ala Glu Glu Gin Asn Val Asp Leu 
225 230 235 240 

Arg Leu Leu Thr Pro Gly Leu Leu Tyr Gly Asn Leu Gly Gly Ser Val 
245 250 255 

Thr Phe Glu Cys Ala Leu Asp Ser Glu Asp Ala Asn Ala Val Ala Ser 
260 265 270 

Leu Arg Gin Val Arg Gly Gly Asn Val Val He Asp Ser Gin Gly Thr 
275 280 285 

He Asp Pro Ala Phe ciu Gly Arg He Leu Phe Thr Lys Ala Glu Asn 
290 295 300 

,Gly His Phe Ser Val Val He Ala Gly Leu Arg Lys Glu Asp Thr Gly 
305 310 315 320 

Asn Tyr Leu Cys Gly Val Gin Ser Asn Gly Gin Ser Gly Asp Gly Pro 
325 330 335 

Thr Gin Leui Arg Gin Leu Phe Val Asn Glu Glu He Asp Val Ser Arg 
340 345 350 

Ser Pro Pro Val Leu Lys Gly Phe Pro Gly Gly Ser Val Thr He Arg 
355 360 365 

Cys Pro Tyr Asn Pro Lys Arg Ser Asp Ser His Leu Gin Leu Tyr Leu 
370 375 380 

Trp Glu Gly Ser Gin Thr Arg His Leu Leu Val Asp Ser Gly Glu Gly 
385 390 395 400 
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l-eu val Gin Lys Asp Tyr Thr cly Arg Leu Ala Leu Phe Glu Glu 



405 



410 



Pro 



415 



Oly Asn Gly Thr Phe Ser Val Val Leu Asn Gin Leu Thr Ala Glu Asp 

430 



435 



Glu Gly Phe Tyr Trp Cys Val Ser Asp Asp Asp Glu Ser Leu Thr Thr 

440 

4S0 ''^^ ""^y Ser Pro Thr He Asp 

4 55 A tin 



Ser Val Lys Leu Gin II 



r^ys Phe Thr Ala Val Gin Gly Glu Pro Val Glu He Thr Cys His Phe 

fU 47c; 

^ 4B0 

Pro cys Lys Tyr Phe Ser Ser Glu Lys Tyr Trp Cys Lys Trp Asn Asp 

495 



His Gly cys Glu Asp Leu Pro Thr Lys Leu Ser Ser Ser Gly Asp Leu 

510 

val Lys cys Asn Asn Asn Leu Val L.u Thr Leu Thr Leu Asp ser Val 

520 

ser Glu ASP Asp Glu Gly Trp Tyr Trp Cys Gly Ala Lys Asp Gly „i3 



540 

Clu Phe Glu Glu val Ala Ala Val Arg Val Glu Leu Thr Glu Pro Ala 

555 5g 
I-ys val Ala val Glu Pro Ala Lys Val Pro Val Asp Pro Ala Lys Al^a 



570 575 



Ala pro Ala P.o Ala Glu Glu Lys Ala Lys Ala Arg Cys Pro Val Pre 

530 

Arg Arg Arg Gin Trp Tyr Pro Leu Ser Arg Lys Leu Arg Thr Ser Cys 



605 



Pro Glu Prp Arg Leu Leu Ala Glu Glu Val Ala Val Gin Ser Ala Glu 

620 



(2) INFORMATION FOR SZQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 3 base oair 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL.: NO 
(iv) ANTI- SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
GATCTATGAA GACCCACCTG CTT 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STR^^TDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL : NO 
(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
AATTCTTAGA CAGGGTAGCA AGA 
(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 480 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..480 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
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tu"" "'^ '^^^ GCC ATT TTT CTT AAG 

Mer Lys Thr K« Leu Leu Leu Trp Gly Val Leu Ala He Phe Val t^t 
^ 10 15 



JIT 5^, ^^"^ '^"'^ ^""^ ^'^^ '^CC ATT CTT OCT GAC AAC 

val Val Leu Val Thr Gly Asp Asp Glu Ala Thr He Leu Ala Asp 

20 25 30 

lit Jk"" °" '''^^ ""^^ *^ '^^^ T-^C ACC GAG 

I-ys Cys Met Cys Thr Arg Val Thr Ser Lys He He Pro Ser Thr Glu 
35 40 45 

So Prl JJ"" ^f"" ''^^ "'^^ ^'^^ '^•^C ATT GTT GTC CCT 

ASP Pro Asn Glu Asp He Val Glu Arg As„ He Arg He Val Val 

55 go 

TTG AAC AAC AGG GAG AAT ATC TCT GAT CCC ACC TCC CCA CTG AGA ir^ 
I^eu Asn Asn Arg Glu Asn He Ser Asp Pro Thr sir S Su A^g ^ 
20 '° '5 80 

SJI r° '^^^ ^ GAT CCT GTG 

Asn Phe val Tyr His Leu Ser Asp Val Cys Lys Lys Cys Asp Pro vll 

B 5 — 



90 SS 



?f r° "^^^ ^^'^ '^^'^ ^AG AGC AAC ATC 

Glu val Glu Leu Glu Asp Gin Val Val Thr Ala Thr Gin Ser A^n hJ 

105 110 



TGC AAT GAA GAC GAT GGT GTT CCT GAG ACC TGC TAC ATG TAT GAC Ar^ 
cys Asn Glu ASP Asp Gly Val Pro Glu Thr Cys Ty^ JJJ Sp ^ 



120 



125 



AAC AAG TGC TAT ACC ACT ATG GTC CCA CTT AGG TAT CAT GGT GAG ACC 
35 '^^ ""^^ ^^"^ Arg Tyr His oZ tlu 

AAA ATG GTG CAA GCA GCC TTG ACC CCC GAT TCT TGC TAC CCT GAC TA • 
Lys Me. val Gin Ala ^aa Leu Thr Pro Asp ser Cys Tyr Pro A^p 
40 155 

(2) INFORMATION FOR SEQ ID NO: 26: 

45 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 159 amino acids 

(B) TYPE; amino acid 
(D) TOPOLOGY: linear 

50 ^^^^ MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:2S: 

Met Lys Thr His Leu Leu Leu Trp Gly Val Leu Ala He Phe Val Lys 



48 



96 



144 



192 



240 



288 



384 



422 



480 
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1 5 10 15 

Val Val Leu Val Thr Gly Asp Asp Glu Ala Thr lie Leu Ala Asp Asn 
20 25 30 

5 

Lys Cys Met Cys Thr Arg Val Thr Ser Lys He He Pro Ser Thr Glu 
35 40 45 

Asp Pro Asn Glu Asp He Val Glu Arg Asn He Arg He Val Val Pro 
10 50 55 60 

Leu Asn Asn Arg Glu Asn He Ser Asp Pro Thr Ser Pro Leu Arg Arg 
65 70 75 BO 

15 Asn Phe Val Tyr His Leu Ser Asp Val Cys Lys Lys Cys Asp Pro Val 

as 90 95 



20 



Glu Val Glu Leu Glu Asp Gin Val Val Thr Ala Thr Gin Ser Asn He 
100 105 110 

Cys Asn Glu Asp Asp Gly Val Pro Glu Thr Cys Tyr Met Tyr Asp Arg 
115 120 125 



J\sn Lys Cys Tyr Thr Thr Met Val Pro Leu Arg Tyr His Gly Glu Thr 

25 130 135 140 

Lys Met Val Gin Ala Ala Leu Thr Pro Asp Ser Cys Tyr Pro Asp 
145 150 155 
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I. A method of generating and assembling secretory antibodies within a sincle cell, 
said method comprising: 

a. introducing into the genome of a first member of a plain species a first mammalian 
nucleotide sequence encoding an immunoglobulin alpha heavy chain portion-containing 
polypeptide including a leader sequence forming a secretion signal, lo produce a first 
transformant; 

b. introducing into the genome of a second member of said plant species a second 
mammalian nucleotide sequence encoding a polypeptide linker or joining chain, to produce 
a second transformant; 

c. introducing into the genome of a third member of said plant species a third 
mammalian nucleotide sequence encoding a secretory component, to produce a third 
transformant; 

d. sexually crossing said transformants to generate a progeny population containing all 
three mammalian sequences; and 

e. isolating from said progeny population a transgenic plant species producing a 
secretory antibody. 

2. Tlie method of claim 1, wherein said method further comprises introducing into the 
genome of a fourth member of said plant species a fourth mammalian nucleotide sequence encoding 
an immunoglobulin light chain portion-containing polypeptide including a leader sequence forming 
a secretion signal, to produce a fourth transformant; sexually crossing said fourth transformant with 
said other transformants to generate a progeny population conuining all four mammalian 
sequences; and isolating from said progeny population a transgenic plant species producing a 
secretory antibody. 

3. Tlie method of claim 1. wherein said first mammalian nucleotide sequence encodes 
a single-chain antibody. 

4. The method of claim 1 , wherein said first mammalian nucleotide sequence encodes 
an immunoglobulin alpha heavy chain ponion-containing polypeptide including more than one 
variable region, 

5. The method of claim 1 , wherein nucleotide sequences are introduced via separate 

vectors. 

6. A transgenic plant comprising: 

-123. 
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a. plant cells that contain a nuclcolidc sequence encoding one or more 
immunoglobulin heavy-chain polypeptides, a nucleotide sequence encoding a pobpcpiide 
linker or joining chain, and a nucleotide sequence encoding a secretory component; and 

b. immunologically active secretory antibodies encoded by said nucleotide sequences. 
5 7. The plant of claim 6, further comprising a nucleotide sequence encoding one or 

more light-chain polypeptides. 

8. The plant of claim 6, wherein alt three nucleotide sequences are contained within a 
single cell. 

9. The plant of claim 7. wherein all four nucleotide sequences are contained within a 
10 single cell. 

1 0. The plant of claim 6, which is a dicotyledonous plant. 

1 1 . The plant of claim 6, which is a monocotx'ledonous plant. 

12. The plant of claim 6, wherein each of said nucleotide sequences is included on a 
separate vector. 

13. A method of passively immunizing a human or animal subject against a preselected 
ligand, comprising administering to said subject a prophylactic amount of a biologically active 
immunoglobulin molecule capable of binding a preselected ligand, wherein said molecule is free 
from detectable sialic acid residues. 

14. The method of claim 13, wherein said immunoglobulin molecule is encapsulated in 
20 a plant cell. 

15. The method of claim 13, wherein said immunoglobulin molecule is administered as 
part of a composition, which composition further comprises a material having nutritional value. 

1 6. The method of claim 1 5, wherein said material having nutritional value is derived 
from a plant or an animal. 

17. The method of claim 13, wherein said immunoglobulin molecule is administered as 
part of a composition, which composition further comprises a physiologically inert material. 

IS. The method of claim 13. wherein said immunoglobulin is an antibody or an 
immunologically active derivative or fragment thereof. 

19. Tlie method of claim 13, wherein said immunoglobulin is secretory IgA or an 
30 immunologically active derivative or fragment thereof 

20. The method of claim 13, wherein said preselected ligand is a pathogen antigen. 
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